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ABSTRACT 
 
Allelochemicals may have concentration dependent influence on plant growth. At low 
concentration these chemicals promote the plant growth and may suppress the same when 
applied at higher concentration. This study was conducted to evaluate the growth promotery 
potential of sorghum, rice, maize and moringa water extracts. In the laboratory trials, application 
rate and frequency of sorghum, rice and maize water extracts (fresh and boiled) at different 
concentrations (100, 50, 25, 10, 5, and 3%) were evaluated and optimized for growth promotion 
of maize. Fresh and boiled extracts of sorghum, maize and rice were foliar applied alone and in 
combination with each other and along with moringa leaf extract (3%) at 30 and 50 days after 
sowing (DAS). Lower concentrations (3%) of sorghum, rice and maize plant water extracts 
promoted the seedling growth and seedling dry weights as compared to higher concentrations 
(25, 50 and 100%). In field experiments, combined application of fresh sorghum and moringa 
water extract (3%) increased the grain yield by 34-35% over control; whereas application of 
boiled plant extracts provided 35-38% improvement in grain yield over control from the 
combined application of boiled sorghum and maize water extracts at 3%. Moreover, marginal 
analysis of field experiments indicated that application of sorghum water extract (SWE) alone 
and combined application of rice and sorghum plant extracts had more marginal rate of return; 
nonetheless, application of fresh extracts had more marginal rate of return in this regard. In 
conclusion, application of allelopathic plant water extracts at lower concentrations (3%) alone 
and in combination improved the growth and productivity of maize. However, fresh water 
extracts alone or in combination may be preferred. 
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Chapter 1 
INTRODUCTION 
 
Maize (Zea mays L.) has historic importance owing to maximum yielding cereal crop 
and ranks third after wheat and rice in the world (Long et al., 2006). Due to its various uses 
in the agro-industries, it is renowned as a foremost marketable crop of immense agro-
economic worth. It has become a major dietary component of millions of people in many 
parts of the world. On an average basis maize grain contains starch (73%), proteins (9%), oil 
(4%), fiber (5.8%), sugar (3.0 %) and minerals (1.7%) (Balconi et al., 2007). In Pakistan, it is 
grown on an area of 1.02 m ha
-1
 producing 3.68 t ha
-1 
grains yield and accounts for 2.2% in 
value added in agriculture and 0.5% in GDP. About 97% of the total production comes from 
KPK (57%) and Punjab (38%) provinces while contribution of Sindh and Baluchistan is 2-
3% but, the yield of maize in Pakistan is low than the advanced countries (FAO, 2008).
 
Climatic and edaphic imbalances and disturbances in conjunction with water availability, 
fertilizer application, pest management, improper and sub-optimal plant population adversely 
affect growth and yield of maize in Pakistan. 
The use of agrochemicals (fertilizers, pesticides and other synthetic growth 
regulators) have been increased manifold to fulfill the food demands globally as population is 
increasing at an alarming rate during last 50 years. Natural or synthetic plant growth 
regulators are also used in crop production systems to harvest good yield of better quality. To 
endorse growth and development of plants exogenous applications of plant growth 
regulators, inorganic and organic compounds, antioxidant, and nutrients can be used to get 
higher economic returns. However, these chemicals are expensive and out of the reach of 
farmers (Foidle et al., 2001; Farooq et al., 2009).
 
Nonetheless, overuses of these substances are posing severe pressure to individuals, 
wildlife and their environments and cause several diseases in humans, animals and also 
contaminate the soil, water and atmosphere (Judith et al., 2001). This necessitate to devise 
strategies for safe, efficient, cost effective, ecofriendly and feasible to use. Allelopathy may 
be engaged to confront such difficulties (Cheema et al., 2003a). The scientists are working to 
explore the potential of various allelochemicals as these chemicals have direct influence on 
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the growth and productivity of the agricultural crops. These strategies can be used as an 
alternative of synthetic agrochemicals as these are cost effective and ecofriendly (Anwar et 
al., 2003; Cheema et al., 2012). 
Allelopathy involves the production of secondary metabolites from plants, which 
affects the growth of the neighboring plants and microorganisms either by inhibiting or by 
promoting their growth. Production of these biochemicals (allelochemicals) depends on 
inherent capacity of the plant to produce allelochemicals (Yu et al., 2003; Bhadoria, 2011; 
Farooq et al., 2011). The action of allelochemicals is concentration dependent, at lower 
concentrations they exhibit growth promotery behavior (Cheema et al., 2012). 
Allelochemicals are released by all plant parts including leaf, stem, root, and fruit through 
leaf volatilization, root exudation, leaching and residue decomposition (Bertin et al., 2003; 
Higashinakasu et al., 2004). Root exudates of allelopathic plants improve nutrient uptake 
through the processes of solublization, biological nitrification inhibition, chelation and 
selected retention. Allelopathic water extracts of sorghum, brassica, sunflower, rice, wheat, 
maize and moringa improve crop growth when applied at low concentrations (Farooq et al., 
2013). 
Production of secondary metabolites, hormones and some other natural compounds, 
at lower concentrations, improves plant growth (Morgan, 1979; Nickell, 1982; Harms and 
Oplinger, 1993). Biochemicals of plant origin exhibit concentration dependent responses to 
plant growth. Chlorogenic acid affects germination and growth at higher concentration but at 
lower concentrations it significantly improves all growth parameters. Phenolics and 
coumarins also have growth promoting features at low concentrations and improve the 
germination of maize seedling. Similarly, maize germination was improved by caffeic acid 
and ferulic acid at low concentration (10
−3
 M or less). So, allelochemicals exhibit various 
responses depending upon their concentrations and different effects on plant growth (Li et 
al., 1993). 
Combination of allelopathic plant water extracts have strong inhibitory effects at 
higher concentration than their sole application (Kruse et al., 2000; Alam and Islam, 2002; 
Turk et al., 2003; Yokotani et al., 2003; Tinnin and Muller, 2006; Iqbal, 2011; Jabran and 
Farooq, 2012). Plant water extracts can exogenously be applied either in fresh or boiled form 
to improve plant growth at lower concentrations. Allelopathic water extracts of sorghum, 
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brassica, sunflower, rice, wheat, maize and moringa improve crop growth when applied at 
low concentrations and hence may be used as natural growth enhancers (Farooq et al., 2009, 
2013). Exogenous foliar application of fertilizer along with allelochemicals as plant growth 
regulators can also influence the growth and yield of maize.  
Among allelopathic plants, sorghum (Sorghum bicolor L.) is the most studied 
allelopathic crop regarding water extract application and other implications of its 
allelochemicals (Weston and Duke, 2003; Alsaadawi and Dayan, 2009). Foliar application of 
sorgaab (sorghum plant water extract) enhanced membrane stability, water relation, 
biological yield and grain yield at low concentrations (5 and 10%) in wheat at anthesis stage 
(Munir, 2011) and it might be due to the presence of coumaric and ferulic acids ranging from 
1.1-2.2% and increased wheat yield (Sene et al., 2001). Similarly, 22-42% increase in grain 
yield was observed when sorghum water extracts was (2-3%) applied two times (30 and 45 
DAS) (Jahangeer, 2011). Water extract of sorghum increased the yield of crops by reducing 
the adverse effect of drought, delaying leave senescence, and scavenging the relative oxygen 
molecules and by stimulating plant growth (Cheema et al., 2012). In a study, extracts of 
sorghum considerably promoted growth and yield of maize when exogenously applied at low 
rates (Maqbool et al., 2012). 
Similarly, moringa (Moringa oleifera L.) allelopathy has gained attention of the 
scientific community as it is innate source of plant growth regulator. Leaves of moringa are 
rich in zeatin so, it can be used as natural source of cytokinin (Fuglie, 2000). Leaf extract of 
moringa has a number of plant growth promoters including cytokinins, various mineral 
nutrients, vitamins and inorganic salts in a naturally balanced composition which promote the 
plant growth upon its exogenous application. Exogenous foliar application of dilute leaf 
extract of moringa caused a significant improvement in growth and yield of peanut, tomato, 
onion, corn, and sugarcane. Its foliar application enhanced growth and yield by 20-35% 
depending upon the type of species (Foidle et al., 2001). Sorghum seedling emergence, 
maize root length and wheat hypocotyl length was increased by 29, 77.8 and 14.5%, 
respectively when low concentrations of moringa leaf extract were exogenously applied 
(Phiri, 2010). Rice (Oryza sativa L.) water extracts also possess allelopathic potential 
because of the presence of allelochemicals like calicylic acid, p-coumaric acid, benzoic acid. 
In a study, rice water extracts applied at lower rates on wheat seedling promoted root growth 
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and improved germination of wheat seedling (Chung et al., 2002; Ren et al., 2008). 
Similarly, allelochemicals present in maize crop are also allelopathic in nature. In a study, 
maize water extract enhanced the growth and yield of canola at low concentrations by 
increasing defense mechanism against diseases, pests and stress (Kato-Noguchi, 2000).  
For this experiment, which allelopathic plant water extracts of sorghum, maize, rice, 
and moringa have strong potential to increase growth and yield of other plants when applied 
at lower rates. Various studies have been conducted to explore this particular aspect in 
several crops like canola, sunflower, peanut, tomato, onion and sugarcane, but this feature is 
lacking in maize. Moreover, no study has been reported to compare the efficacy of fresh and 
boiled water extracts at low concentrations in improving growth and yield of maize. Further 
investigation is required to optimize low concentration. 
Therefore, the current study was conducted to examine the growth promotery 
potential of sorghum, maize, rice and moringa extracts on maize. Moreover, influence of 
fresh and boiled water extracts of sorghum, maize, rice and moringa at lower concentrations 
was also investigated alone and in combination with each other against maize. 
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Chapter 2 
REVIEW OF LITERATURE 
 
2. Allelopathy 
2.1. Theories and evidences 
With the advances in agriculture, allelopathy has become a well-established scientific 
phenomenon. Currently, it has got more attention due to environmental and public health 
concerns as the practice of man-made substances (pesticides, growth regulators) have been 
extensively increased by farmers in agriculture production system. So, it has roused curiosity 
to find out novel and ecofriendly tools like allelopathy (Ridenour and Callaway, 200; Yang et 
al., 2007). Many scientists and researchers had conducted research in the field of allelopathy. 
It is the association among plants whose effect may be promotive or inhibitory depending 
upon its concentrations. Biochemical interactions (allelopathy) exist among all plant species 
and also comprising microbes (Molisch, 1937) and exhibit both inhibitory and stimulatory 
influence on the plant growth. Effect of one plant on the growth of another plant is due to the 
release of biochemicals called allelochemicals. These allelochemicals flew into the 
surrounding environment which may trigger the plant growth and development either 
positively or negatively depending upon their concentration (Rice, 1984). 
The research in the field of allelopathy is not new as it was elucidated by Rick Willis 
(Willis, 2000) and he added the evidence of allelopathy by giving three norms (1) Donor 
plant must produce allelochemicals (2) Allelochemicals accumulation in the soil does not 
affect the nutrient and water uptake (3) biotic and other soil physical factors does not inhibit 
the plant activities. Many scientists related to the field of allelopathy are continuously 
working on it to explore it more and more (Macias et al., 2002). Plant water extracts possess 
biochemicals known as allelochemicals and their allelopathic potential may inhibit or 
promote the growth of target organisms by changing their growth pattern (Oudhia et al., 
1988; Narwal, 1994; Einhellig, 1995a). Allelopathy is a recognized fact and water extracts of 
different allelopathic plants affect the growth and development of same and other plants (El 
Atta and Basher, 1999; Farooq et al., 2009) and may promote or inhibit the growth of target 
plants. The effect of allelochemicals is inversely related to its concentration, its inhibitory 
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effect increases by increasing its concentration and vice versa. At low concentrations these 
allelochemicals promote the plant growth while at high concentrations inhibit the growth of 
other plants by affecting or altering growth pattern (Chung and Miller, 1995). Allelopathic 
plants  may interfere the growth of weeds (Cheema and Khaliq, 2000; Weston and Duke 
2003; Cheema et al., 2009; Jamil et al., 2009; Jabran et al., 2010), pathogens (Conklin et al., 
2002; Xuan et al., 2005; Joseph et al., 2008; Ren et al., 2008) and insect, pests (Haddad et 
al., 2001; Cohen et al., 2005; Khanh et al., 2005; Raghavendra et al., 2007; Huerta et al., 
2010). So, that’s why, allelopathy is gaining more attention and at higher concentrations 
supposed to be best substitute for synthetic chemicals for weed and insect management 
programs, while at lower concentrations it is also used as natural growth promoting 
substances. The crops which have strong allelopathic potential can fulfill the needs of 
synthetic agrochemicals like traditional herbicides for controlling herbs and at low 
concentrations they may act as natural growth promoters (Makoi and Ndakidemi, 2012). 
Consequently, growth and yield improvement will occur and provide more profit margins to 
the farmers. 
Allelochemicals at higher concentrations suppress or inhibit the weed growth. In 
agriculture this thought or concept was first time introduced by Putnam and Duke (1974). 
They revealed the suppressive effect of various crops on weed growth and described that 
allelopathic crops can effectively be used for weed management as mulch crop, intercrop and 
rotation (Putnam and Duke, 1978). Plant growth is regulated by the production of these 
allelochemicals endogenously as they altered physiological processes like cell division, cell 
differentiation, ion and water uptake, water status, phytohormones metabolism, respiration, 
photosynthesis, plant hormones, enzymatic functions and also production of allelochemicals 
(Hall et al., 1993; Arteca, 1996; Singh and Thapar, 2003; Belz and Hurle, 2004). 
Plant growth regulators are artificial substances (hormones, pesticides fertilizers) used 
to promote plant growth and yield by modifying the hormonal balances inside the plant body 
(Nickel, 1982). Synthetic growth regulators are used to promote growth and yield of crops 
but, in various studies, negative or reverse effects of these chemicals also reported. The 
natural non hormonal regulators properties are similar to phytohormones. So, both non 
hormonal regulators and phytohormones have biological activity (Kefeli and Dashek, 2008). 
Synthetic cytokinins analogues have inhibitory effect on 15-lipoxygenase from soybean 
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(Brathe et al., 2002) and it was also involved in increasing flower and flower number 
development in tomato (Menary and Staden, 1997). The biological and growth mechanisms 
like, cell division, leaf senescence, nutrient mobilization, apical dominance, and seed 
germination in higher plants regulated by amino purine-derived cytokinins (CKs). Increase in 
sugar level, reduction in fruit drop and leaf cholorosis was noted by combined application of 
urea based cytokinins with plant regulators (Sakakibara, 2006). Plant growth and yield 
increase was noted when concentrated benzyl adenine was applied in different hybrids at silk 
stage in maize (Amin et al., 2007). 
2.2. Allelopathy in crop production  
 Plant biochemistry, physiology, morphology, inter and intra plant interactions and 
chemistry of natural substances have verified that various plants have strong allelopathic 
potential and allelochemicals found in those crops influenced in growth promoting strategies 
to acquire good crop growth, development and better grain yield. Several plants e.g. 
sorghum, rice, sunflower, brassica, maize, moringa, mulberry and mungbean etc. have strong 
allelopathic potential and possesses numerous allelochemicals, when used as residue mulch 
or plant water extract found to be beneficial and economical in improving crop growth and 
yield. It has been found that allelopathy of these plants can be practised for enhancing crop 
production with good quality food (An et al., 2005). The use of allelopathy in the field of 
agriculture has been debated in detail in previous studies (Putnam and Duke, 1974, 1978; 
Rice, 1984; Putnam, 1986; Putnam and Weston, 1986; Weston, 1996; Qasem and Foy, 2001; 
Singh et al., 2001). Allelopathy has both promotive and inhibitory effects but its promotive 
effect has been discussed very less.  
 Allelochemicals also exhibit stimulatory effects and these not only stimulate the 
growth of different crops but also increase and promote the growth of same or different 
plants at low concentrations when exogenously applied (Anwar et al., 2003; Cheema et al., 
2012). The utilization of allelochemicals is cheap, safe, effective and environment friendly 
source for growth improvement of plants and can exogenously be applied as natural growth 
regulators in crops (Oudhia et al., 1988). These substances or allelochemicals are produced in 
almost all the tissues including stems, leaves, bark, seeds, roots, and buds of plants. Under 
promising environmental circumstances allelochemicals influence the growth of adjacent 
plants (Weston, 1996). Allelochemicals may be discharged into the surrounding environment 
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by volatilization, root exudation and decaying processes (Rice, 1984). So, allelopathy has 
been suggested as an alternative source of growth promotion for achieving sustainable crop 
production (Singh et al., 2003). 
2.3. Exploiting allelopathy for weed management in crops  
Weeds are very troublesome, destructive and detrimental rudiments of crops which 
cause many problems in cropping system and decrease in crop yields is the most vital and 
important features which is because of interference (competition, allelopathy or both). 
Farmers are focusing predominately on crop yield so they depend upon on artificial products 
to confront weed problems (Sadeghi and Hosseinzadeh, 2010). In 1970, Whittakar originally 
coined the term “allelochemicals” for naturally found biochemicals in the plant body which 
can be used for weed control. These allelochemicals affect the plants by inhibiting or 
promoting their growth depending on their concentration. So, at higher concentrations these 
chemicals may be used to manage weeds directly or by developing some affective herbicide 
from their chemistry or they may be used as natural growth enhancer for improving growth 
and yield of crops at low concentrations (Cousens and Mortimer, 1995). In developing 
countries, like Pakistan, although various methods are adapted to manage these serious issues 
(e.g. selective herbicides and mechanical weed control), yet over time all these strategies 
failed to cope such threats Besides, prices of weedicides are also high henceforth growers 
often want to trust on substitute approaches for weed management. 
In agriculture, more than 250 species of weeds are causing serious problems due to 
their allelopathic nature (Patterson, 1986). Herbicides are heavily sprayed to tackle these 
issues and have created various environment related problems and also increased resistance 
in weeds against herbicides. Hence, natural weed management techniques may be chosen in 
agricultural production system. Almost all plant parts are allelopathic in nature and have 
inhibitory or positive effect for weeds in crops such as wheat (Labbafi et al., 2008), barley 
(Asghari and Tewari, 2007), rice (Ashrafi et al., 2009), canola (Niakan et al., 2008; Zaji et 
al., 2009). 
It is possible that crops having strong allelopathic potential may be genetically 
modified to perform crucial role (Wu et al., 1999). The trust on organic substances in 
agriculture production systems has been increased manifold all over the world (Jamil et al., 
2009). Reducing dependence upon traditional practices and synthetic herbicides and finding 
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alternative strategies for weed management is the need of time (Khanh, et al., 2005; Farooq 
et al., 2011). Plant allelopathy offers a great potential to resolve this critical issue and may be 
used in different following ways to manage weeds in crops. 
2.3.1. Intercropping 
Growing of allelopathic crops at the same time in the same field has been found to be 
effective and an alternative approach for weed management (Teasdale, 1998; Baumann et al., 
2002). Preferably, crops having same physiological, morphological features are cultivated to 
prevent competition between them. These allelopathic crops provide chances for destroying 
weeds through resource competition by consuming more portions of existing resources 
(Vandermeer, 1989, 1992). Intercropping may be favorable by decreasing the need for 
herbicides and reducing the cost of labor for weed management (Chou et al., 1987). Growing 
of groundnut (Arachis hypogaea), mungbean (Vigna radiata) and sweet potato (Ipomoea 
batatus) in maize (Zea mays) as intercrops suppressed the growth of weeds and reduced yield 
losses and saved time mandatory for removing weeds (Steiner, 1984). 
Weed density decreased in intercrops as compared with the sole crops by releasing 
phytotoxins from the intercrops (Liebman and Dyck, 1993). To manage weeds in maize, 
crops like Vicia faba L. (field bean), Trifolium incarnatum L. (crimson clover), Phacelia 
tanacetifolia B. (phacelia) and Brassica rapa L. (thyphon) were intercropped, Vicia faba L. 
and Phacelia tanacetifolia B. displayed least competition with maize and a maximum against 
weeds than the other crops in the study (Jurgensen and Muller, 2000). 
Instead of sole crop, pea and barley when intercropped both showed more 
competitive capacity towards weeds control and soil inorganic nitrogen in soil resultantly 
used for grain production as a substitute of weed biomass, as compared to the sole crop 
(Hauggaard-Nielsen et al., 2001). Crops when grown together as intercrop they increased soil 
fertility, reduced insect, pest and disease occurrence by inhibiting the weeds in the vegetables 
(Brainard and Bellinder, 2004). Yield of cotton and blackgram also significantly enhanced 
when they were grown as intercrop by destroying weeds (Jayakumar et al., 2008). 
2.3.2. Mulching 
Allelopathic crops play an effective role in weed management in the form of residue 
mulch in ecological sustainable agriculture. Crop residues used as cover crop decayed and 
discharged phytotoxic chemicals that suppressed growth of weeds in several crops (Barnes 
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and Putman, 1983, 1986) and soil spread mulches released allelochemicals and found to be 
effective against weeds (Weston, 1996). Residues of allelopathic crops like sorghum used as 
surface mulch in zero tillage cropping system and it showed the suppressive effect on weeds 
(Einhellig and Rasmussen, 1989; Weston et al., 1989). Reduction (98%) in populations of 
root-lesion nematodes was observed, when Tagetes erecta L. (marigold) cultivated with 
tomato in rotation (Sipes and Arakaki, 1997; Alexander and Waldenmaier, 2002). Similar 
results were obtained when, mixture of marigold with soybean was planted (El-Hamawi et 
al., 2004). Nematode infection in tomato roots was reduced and tomato fresh biomass 
increased in the greenhouse studies by application of C. coronarium green manure to the soil 
(Bar-Eyal et al., 2006). 
Surface applied mulches of sorghum at 3.5, 7.0, and 10.5 Mg ha
-1
 inhibited the total 
weed density by 23 to 62% and 56%, respectively (Cheema et al., 2000). In maize, 26-37% 
weed suppression was observed by applying sorghum residues at 10-15 Mg ha
-1
 as surface 
application (Cheema et al., 2004) and 78% reduction in weed dry weight was noted when 
sorghum used as mulch (Ahmed et al., 2000). Density and dry weight of purple nutsedge was 
suppressed by 45 and 53%, respectively due to surface cover of sorghum residues at 15 Mg 
ha
-1 
and it was followed by
 
sorghum residues mixing in soil at the same rate and suppression 
of weed density and dry mass was 40 and 50%, respectively (Mahmood and Cheema, 2004). 
Similarly, sunflower mulch is also considered as an approach for weed management 
in organic farming system. Residues of sunflower applied on soil surface alone or in mixture 
with legume and buckwheat found to provide very effective weed control (Grwronski et al., 
2002; Bernat et al., 2004). Residues of corn (Zea mays L.), soybean (Glycine max Merr.) and 
sunflower (Helianthus annuus L.) were either surface applied or grown as cover crop in the 
year preceding vegetables of tomato (Lycopersicon esculantum Mill.) and summer squash 
(Cucumis pepo L.) plots and then ploughed up in the plots and results indicated that surface 
applied residues were more effective in controlling early flush of weeds than cover crops 
where additional weed control was needed to suppress early emerging weeds (Barker and 
Bhowmik, 2001)  
Rice straw suppressed the growth of noxious weeds by releasing allelochemicals in 
wheat crop (Lee et al., 1999) and conserved soil moisture and nutrients by suppressing weed 
growth (Rahman et al., 2005). Growth of Echinochloa crus-galli significantly inhibited by 
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using leaves, straw and hull of rice as mulch in mixed form and was exhibited strong 
allelopathic effect (Jung et al., 2004). Emergence and dry mass of weeds was also 
significantly affected when soil surface was covered with wheat straw (Bilalis et al., 2003). 
So, in weed management system mulches can control germination and growth of weeds by 
restricting them through allelopathic action (Erenstien, 2002). Crop residues on the soil 
surface reduce light interception and prevent weed development by reducing photosynthesis 
(Kamara et al., 2000). Surface mulching of plant residues improve water holding capacity, 
heat energy, soil fertility; minimize soil and water loss and results in weed suppression (Bu et 
al., 2002).
 
2.3.3. Crop water extracts 
 
Extracts of allelopathic crops may be used to inhibit germination and seedling growth 
of crops (Ahmad et al., 1995; Farooq et al., 2009) and weeds (Kim et al., 2000). Water 
extract of sorghum and sunflower have been found to be very affective in weed management 
system at higher concentrations and have great potential to inhibit weed population in wheat 
cultivation system (Cheema et al., 1997). Growth of Trianthema portulacastrum L. was 
greatly affected when 100% sorgaab (sorghum water extract) was applied on it and its 
germination was reduced by 15 to 20% and root and shoot lengths of Trianthema 
portulacastrum L. were also significantly reduced at higher concentrations (i.e. 75 and 
100%) of sorghum water extract (Randhawa et al., 2002). Concentrated plant water extract of 
sunflower suppressed the growth and germination of Phalaris minor L. by 16.3% and also 
delay in germination was observed for three days as compared to the distilled water (Naseem 
et al., 2003). Similarly, different parts of rice plant like stem, root and leaves were 
investigated in a lab study and noted that these parts inhibited germination and growth of test 
plants viz. wheat, oat, barley and barseem and order of inhibition was: stem> root> leaves 
(Farooq et al., 2009). RWE (rice plant extract) suppressed the growth of Echinochloa crus-
galli L. and by increasing its concentration, inhibitory effect of RWE also increased (Lin et 
al., 2000). The radicle length of Echinochloa crus-galli L.was more affected by aqueous 
extract of rice water extract than its hypocotyl length (Chung et al., 2002). Water extract 
from Medicago sativa L. and Vicia cracca L. leaf and root, inhibited the germination and 
radicle length of Amaranthus retroflexus L., Lolium perenne L., Ipomoea hederacea L. and 
Portulaca oleracea L. and this inhibition was increased by increasing the concentration from 
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5 to 50% of test plant parts (Koloren, 2007). Root growth of Echinochloa crus-galli L. 
inhibited by 25-21% by foliar application of rice leaves extracts treated with 5 mM methyl 
salicylate or 0.05 mM methyl jasmonate and suppressed shoot growth by 18-23%. Inhibition 
of Echinochloa crus-galli L. fresh biomass was observed by 37-41% by foliar application of 
sorgaab (Irshad and Cheema, 2004). Growth of Physalis angulata L. seedling suppressed by 
the application of aqueous extract of Brassica spp (Uremis et al., 2005) and reduction (38-
41%) in barn yard grass (Echinochloa crus-galli L.) dry mass was noted by the foliar applied 
sorghum aqueous extract (Irshad and Cheema, 2005).  
2.3.4. Combined application of crop water extracts  
Allelopathic plant water extracts accompanied with organic material can increase the 
allelopathic potential (Blum, 1995, 1996). Allelopathic compounds like p-coumaric and 
ferulic acid have been reported more effective/suppressive in combination with each other to 
sorghum and also reduced seed germination, shoot elongation as well as overall growth of 
seedling, meanwhile reported more effective than individual affect (Rasmussen and 
Einhellig, 1977).  
In another study, it was reported that inhibitory activity of trans-cinnamic acid 
increased 17 times more accompanied with bicyclic sesquiterpene dialdehyde (polygodial) 
(Fujita and Kubo, 2003). Herbicides and manual weed control is more efficient as compared 
to allelopathic water extract but allelopathic control of weed is environment friendly. Further, 
it was also reported that allelochemicals and herbicides in combination perform better to 
inhibit the weed growth. At higher concentrations water extracts might be used for managing 
weeds while at lower rates also sprayed as natural growth promoters (Einhellig and Leather, 
1988: Einhellig, 1995b, 1996; Streibig et al., 1999). It is also reported that use of allopathic 
crop water extract with lower amount of herbicides are economical and environment friendly 
method for weed control (Cheema et al., 2003b).  
Effectiveness of the allelopathic products (sorghum and rice water extracts) can be 
enhanced by using herbicides in low concentration (Cheema et al., 2005; El-Rokiek et al., 
2006; Iqbal and Cheema, 2008). From a field trial it was reported that herbicide dose can be 
reduced when using in combination with sorgaab up to 67%. Sorgaab at 10 L ha
-1
 may be 
combined with 1/3
rd
 dose of pendimethalin and s-metolachlor to control cotton weeds 
(Cheema et al., 2003a). 
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2.4. Allelopathy in disease and pest management  
Soil and seed borne diseases reduce the plant growth as well as yield that are caused 
by bacteria, fungi, viruses and some nematode pathogens. Due to repeated use of chemical 
control the pathogen and disease developed the resistance against these chemicals (Farooq et 
al., 2011). Allelopathy is new era to control the disease causing agents through plant extract 
and phytotoxin production. Allelopathic extracts application in diluted form in cereals, 
canola, sweet clover and lentil has a potential to control Fungus (Sclerotinia sclerotiorum) in 
beans (Huang et al., 2007). 
In rice some flavonoids and cyclohexenones have the suppressing effect on spore 
formation of Rhizoctonia solani and Pyricularia oryzae (Farooq et al., 2011). In wheat 
disease of rust can be control by Jimsom weed (Datura stramonium) leaf water extract 
(Hassan et al., 1992). It is also reported that aqueous extract of onion, garlic, parthenium and 
Calotropis procera have inhibitory characteristics against the fungal strain (Cheema et al., 
2012). In another study, it was reported leaf that water extracts of neem, eucalyptus and tulsi 
(Ocimum sanctum L.) can cause up to 50% reduction in growth of a fungus Fusarium solani 
(Joseph et al., 2008). So, allelopathy can effectively be used against disease management 
programs. 
2.5. Allelopathy, soil fertility and nutrient uptake 
Tropical and sub-tropical regions of the world are suitable for cultivation throughout 
the year. Mostly farmers cultivated 2 or 3 crops in a year from those areas having ample 
rainfall or irrigation water in multi cropping system. For successful ecological sustainable 
agriculture, crop rotation, intercropping and mixtures of various crops are cultivated because 
it is environment friendly and good for soil health. Plant growth is affected by phenolic 
compounds affecting the activity of root system, allelochemicals in soil first contact with 
tissues of roots and affects the minerals, ions and uptake of water. Lot of literature has been 
well documented on this aspect (Yu and Matsui, 1997). Phenolic compounds result in 
shortage of essential mineral uptake and also disturb the plant water balance, resulting 
decreased growth and development and it might be due to interference of phenolics with 
membrane permeability and active transport system of plants (Barkosky et al., 2000). It is 
reported that reduced growth of plants and nutrient deficiency symptoms in plants were seen 
due to allelopathy on nutrient uptake (Tharayil et al., 2009). The role of cucumber-exuded 
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allelochemicals on the uptake of several nutrients (N, P, S, K, Ca, Mg) by intact seedlings of 
cucumber, while cinnamic acid inhibited the uptake of nearly all nutrients (Yu and Matsui, 
1997). It is reported that sub species of summer squash (Cucurbita pepo) has the ability to 
release citric acid to the rhizosphere due to which more uptake of K, Mg, Fe, Zn take place 
(Jakkeral and Kajjidoni, 2011). Improvement in exudation of allelochemicals, increased with 
increase in proliferation of the root system that enhances the ability of plants to uptake more 
P under P deficiency conditions (Jakkeral and Kajjidoni, 2011). 
Much of the nitrogen (N) applied to agricultural soils is lost to the environment, 
increasing serious concerns on environmental pollution. The nitrate form of N is lost through 
NO3 leaching in groundwater leading to decreased soil fertility and increased water pollution. 
The release of N2O during denitrification contributes to global warming. Nitrogen 
(ammoniacal form) when added to soil is readily converted into highly mobile nitrate (NO3
-
) 
form by soil microorganism, Nitrosomonas europea, a ubiquitous component of the 
microbial population in the soil (Leninger et al., 2006). Allelochemicals such as methyl 3, 4-
hydroxyphenyl propionate (Zakir et al., 2008), linoleic acid, a-linoleic acid, methyl-p-
coumarate, and methyl ferulate are responsible for biological nitrification inhibition (BNI) 
(Subbarao et al., 2009). 
2.6. Nature of Allelochemicals 
Allelochemicals that are secondary metabolites released through volatilization, 
leaching, root exudation and residue decomposition processes by plants. Structures and 
biological functions have attained much importance and allelochemicals, like phenolics, 
flavonoids, alkaloids, terpenoids and cyanogenic glycosides have been identified by the 
researchers (Farooq et al., 2009, 2013). Allelochemicals are hydrophobic in nature and in 
various environments these biochemicals are recognized such as phenolic acids, alkaloids, 
flavonoid glycosides etc. (Lu, 2011). Volatilization, leaching, adsorption and microbial 
action depend upon persistence of plant produced allelochemicals in soil. During the few past 
decades scientists are focusing to isolate and identify these individual biochemical 
compounds. Guenzi and McCalla (1966) made quantitatively estimates of allelochemicals 
like, Ferulic, p-coumaric, syringic, vanillic and p-hydroxybenzoic acids in maize, wheat, 
sorghum residues and chlorogenic, isochlorogenic acid, a-naphthol derivative and scopolin in 
sunflower plant by (Wilson and Rice, 1968). Coumaric acid, p-hydroxybenzoic acid, vanillic 
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acid and ferulic acid were isolated and identified from Oryza sativa L.by Chou and Lin 
(1976) and Mandava (1985). Einhellig et al. (1982) investigated the possible derivatives viz. 
transcinnamic acid, caffeic acid, p-coumaric acid and ferulic acid. Some of the 
allelochemicals like ferulic acid and coumeric acid are secreted from wheat and inhibited 
weeds and also has inhibitory properties against the weeds such as prickly sida and morning 
glory (Worsham, 1984). Some of roots exudates from sorghum such as sorgoleone found 
phytotoxic to several weeds (Nctzyl and Butler, 1986). Many plants species were suppressed 
by allelochemicals such as benzoic, cinnamic and phenolic acids that were secreted by 
Artemisia spp., Eucalyptus spp. and Salvia spp. (Putnam, 1988). In sorghum, nine 
allelochemicals were identified such as benzoic, chlorogenic, ferulic, p-hydroxy benzoic, 
vanillic, p-coumaric, m-coumaric, gallic and caffeic acids, while some other unknown 
allelochemicals were also found present in sorghum residues (Cheema, 1988). 
2.7. Allelopathic Stress Signaling 
Growing plants constantly sense their environment and adapt to changes by using a 
range of biochemical and molecular mechanisms in natural habitat (Roberts et al., 2002). 
Due to release of wide variety of allelochemicals, soil microbes regulated by plants move to 
their vicinity (terrestrial plants), and change the physical and chemical properties of the 
atmosphere by inhibiting or promoting the growth of plants. Biotic, abiotic stresses and 
various physical responses like cell division, respiration etc. started by various 
allelochemicals which are involved in signaling defense mechanism in Arabidopsis (Eulgem 
et al., 2000; Buchanan-Wollaston et al., 2003; Baerson et al., 2005). Allelopathy affect the 
growth and development by influencing the metabolic processes (photosynthesis, respiration, 
cell division, pigment synthesis, plant hormones and their balance, membrane stability 
specific enzyme activities) during stress conditions. Stresses like cold, pathogen attack, salt 
treatment and ethylene induced various transporters and play an important role in eradication 
of plant toxins distinct to pathogen defense mechanism (Baerson et al., 2005) and also 
interrupt cell membrane (Sanchez-Moreiras, 2004) and regulate14-3-3 protein by activating 
H+-ATPase on plasma membrane (Roberts et al., 2002). 
2.7.1 Allelopathy and Abiotic Stresses 
Physiological processes of plant such as absorption of nutrients, cell division, 
respiration, photosynthesis, growth and development reduced during the stress conditions 
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(e.g. pests, pathogens, or pollutants). Main abiotic factors (light, temperature, water and 
nutrients) and allelopathy involves in mitigation of these processes under optimum 
environments (Lambers et al., 1998). Many environmental factors inhibit plant growth and 
development. It is reported that these environmental factors are abiotic or biotic that cause 
stress on plants (Levitt, 1980). Application of sorghum extract at anthesis stage improve 
especially, photosynthesis, plant cell signaling and plant secondary metabolism which 
increase biomass, grain yield and total soluble phenolics in wheat plants subjected to heat 
stress (Munir, 2011). 
2.7.1.1. Allelopathy and environment interactions 
Specie distribution depends upon biotic as well as abiotic influence and species 
existence has been discussed in ancient times. Allelopathy and plant interactions depend 
upon time and concentration of the allelochemicals in stress situation especially, by the 
abiotic context (Schenk et al., 2003). During stress conditions allelopathy, mobility of 
nutrients, and microbes all operate together for resource competition in a habitat (Inderjit, 
2001; Bhowmik and Indejit, 2003). There is extensive fluctuation in production of 
allelochemicals like phenolics due to sequential modification, perhaps because of difficult 
interaction between inner and outer elements, like plant age and biotic and abiotic factors as 
these have a great impact on allelopathic expression (Kobayashi, 2004). Stress factors affect 
the allelochemical production from donor as well as target plant (Einhellig, 1999). 
2.7.2. Allelopathy and Biotic Stresses 
Abiotic and biotic stresses are involved in allelopathic interactions and exhibit in 
nature (Einhelling, 2004). In biotic stresses living organisms like microbes, herbivores and 
small organisms affect the growth mechanism of plants and react with same defense 
mechanisms.  
2.7.2.1. Pathogens 
When pathogen attack on plants, the different defensive mechanism are active that 
leads to increase production, degradation of conjugate as well as allelopathic activity is also 
shown by de novo of the secondary metabolites that is also a defensive mechanism. So the 
plants are having allelochemicals in their litter, mulch and their residues having high 
allelochemical activity when released on environment (Einhelling, 1999; Kong et al., 2002). 
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2.7.2.2. Crop and weeds residues 
Crops and weeds both are allelopathic in nature and residues of various crops and 
weeds release allelochemicals which interact with soil microorganisms which generate biotic 
stresses and effect the growth of the plants. These microorganisms use minerals, water and 
oxygen as energy source during the decomposition and compete for food with plant in 
limited resources (Javaid and Bajwa, 1999). Sorghum can effectively be used to control 
weeds at higher concentration and for growth and yield promotion at low concentration 
(Cheema and Khaliq, 2000). Sorghum water extract can efficiently be used to manage the 
weeds of field crops like, brassica, rice, maize, wheat, and mungbean as it is inexpensive and 
recognized practice in agriculture system (Mahmood and Cheema, 2004). Allelopathy of 
sorghum could be exploited in different ways. Sorghum can be used like, foliar spray of 
sorgaab (water extract of sorghum), as mulch and sorghum residue incorporation in soil 
before sowing next crop. Mulching and crop alternation could also be adopted for managing 
weeds in alfalfa and vegetables (Weston, 1996). Decomposing sorghum residues possessed a 
large quantity of phenolics which affected the succeeding crops after releasing phenolics into 
the surrounding environment (Sene et al., 2001). 
2.7.2.3. Autotoxicity 
In natural and agroecosystems most of the plant species have strong allelopathy and 
may cause autotoxicity and it is a biotic stress. Autotoxicity defined as the harmful 
allelopathic influence between the individuals of the same species and mostly found in forest 
species and is one of the main causes for growth decline in continuous monoculture practice. 
Growing of same crops on the same field again and again create severe planting and growing 
difficulties of fruit trees in orchids like peach, apple, apricot, cherries, citrus, shrubs and 
perennial and annual crops (Singh et al., 1999). Autotoxicity may be due to direct effect of 
allelochemicals or by indirect due to the presence or enrichment of biotic stress like 
phytopatogenesis. 
2.7.2.4. Competition 
In agroecosystems, competition among plants and also with microbes plays an 
important role and it also starts or changes the allelopathic properties. Allelochemicals 
exudates from roots in the rhizosphere which compete for food like water, nutrient and light 
and improves the production of allelochemicals and influenced the growth of the plants 
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(Einhelling, 1999). Allelopathic action of Ageratum conyzoides was investigated with Bidens 
pilosa and strong competing activity was found between them (Kong et al., 2002). Increased 
plant density reduces allelopathic properties of the allelochemicals due to the dilution effect 
in density dependent plant toxicity. Competition was confirmed in corn and soybean 
intercropping (Thijs et al., 1994). 
2.8. Plant Growth Promotion through Allelopathy 
Growth is promoted by allelopathy due to releasing of secondary metabolites that 
play vital role in plants metabolism (Chon and Kim, 2002). Root and shoot length 
significantly improved by allelochemicals, these are the secondary metabolites so they have 
significant role in plants growth under worst environment (Pedrol et al., 2006). Due to 
allelochemicals application, both number of leaves and roots enhancement was observed and 
it stimulates the mechanisms of plants that protect them under worse conditions (Stotz et al., 
2000; Baldwin et al., 2002). 
Allelochemicals released from cress and cockscomb act as phytohormones (Yokotani 
et al., 1998). Shoot fresh and dry weights were observed by increasing photosynthesis and 
regulating metabolic energy biosynthetic precursors by the application of allelochemicals 
(Plaxton, 1996). Lepidimoide (LM) released from cress at the higher concentration increase 
the light induced chlorophyll accumulation (Yamada et al., 1998) and cytokinins that is a 
growth promoter that affects the accumulation of chlorophyll. Allelochemicals can replace 
the synthetic plant growth regulators (Hall et al., 1993). While the other growth regulators in 
which benzyl amino purine (BAP) have importance because it has ability to be used as a 
priming agent and foliar application. It enhances adaptation on physiological basis, the 
mechanism in wheat by balancing the hormones (Iqbal et al., 2006; Iqbal and Ashraf, 2010). 
Leaf shedding is also delayed in wheat caused by reactive oxygen species (ROS) with 
increasing in the activities of enzymes like catalase, ascorbate peroxidase and also prevent 
the chlorophyll disruption under oxidative stress (Zavaleta et al., 2007). Allelopathic 
compounds affects the growth directly or indirectly of plants. These compounds alter the 
physiochemical properties of soil and promote the growth, by change in microbial 
populations and their activity. These chemicals also have a role in different chemical changes 
such as biochemical, physiological changes in growth metabolism of plants (Rizvi et al., 
1992). The growth of plant is regulated by microorganisms and other organisms by releasing 
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biomolecules (Rice, 1984). Allelochemicals released by plants have promotery effects at low 
concentrations (Einhellig and Rasmussen 1993; Narwal, 1994).It is reported from studies that 
growth promotion through production of secondary metabolites, hormones and some other 
natural compounds released by plants, (Morgan, 1979; Nickell, 1982; Harms and Oplinger, 
1993). Allelochemicals have shown concentration dependent responses to plant growth. 
Chlorogenic acid suppressed growth and germination at high concentration (10
−5
 M) but at 
lower concentrations it significantly improves all growth parameters. These growth 
regulators promote hypocotyl. Coumarins have seen consistent regarding their germination 
inhibition feature. While, germination of maize plants suppressed by caffeic acid and ferulic 
acid at high concentration (10
−5
 M or more) and improved at low concentration (10
−3
 M or 
less). Varying concentrations had different effects on plant parts (Li et al., 1993). A 
diterpenoid phyllocladane produced by Callicarpa macrophylla plant, motivate growth by 
reducing the effectiveness of growth inhibiting allelochemicals. Phyllocladane, diterpenoid 
and calliterpenone are produced by Callicarpa macrophylla at low concentrations and 
improve the seed germination, root growth, shoot growth and floral development in wheat 
plants (Ambika, 2012). Stevia rebaudiana extracts containing allelopathic compound 
stevioside promoted the growth of cucumber and lettuce (Ambika, 2012).  
Extracts of different plants of compositae family improve the root growth of alfalfa 
positively when applied at low concentration (Chon et al., 2003). Similarly, Plant growth 
promoting regulators covering a wide range of phytochemicals, hormones and other 
secondary metabolites released by bacteria (Figueiredo et al., 2007), cyanobacteria (Yadav et 
al., 2011), fungi (Igarashi et al., 2003), algae, yeast and plants that have substantial growth 
stimulatory effects at lower concentrations (Harms and Oplinger, 1993). 
2.8.1. Growth Promotion Potential of Plant Water Extracts  
Extracts taken from crops/plants such as sorghum, brassica, sunflower, rice, wheat, 
barley and moringa possess growth regulators that improve the growth of different arable 
crops and vegetables, when low concentrations of these chemicals are applied (Cheema et al., 
2012). Plant growth is the most important and critical stage in germination. Seed primed is 
one of good treatment with diluted sunflower plant extract that improves the germination 
percentage, germination power, germination index, radical length, plumule length, fresh 
weight and dry weight, later on decide the rate of plant growth (Maqbool et al., 2012). 
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Moringa leaf extracts used as growth and yield enhancer (20-35%) in different vegetables 
and sugarcane, when applied as seed treatment at diluted (30 times) form (Foidle at al., 
2001). It was even more effective when compared with artificial cytokinin source e.g. benzyl 
amino purine (BAP) under normal as well as stress conditions (Basra et al., 2011a). In a very 
low amount of alfalfa leaf extracts promote root growth and proliferation in alfalfa (Chon et 
al., 2000). Aqueous extracts of some plants from compositae family at low concentration 
increased root length of alfalfa up to 13-33% (Chon et al., 200). 
In plant organs roots are important, absorbing water and nutrients for growth. 
Allelochemicals that are released from root exudates that effect the growth of root of nearby 
growing plants. Allelopathic water extracts applied to the roots as soil application have the 
potential of growth improvement. In maize field application of Nicotiana plumbagmifolia 
leachate (25%) in soil, improved root and shoot length by 4.15% and 18%, respectively. 
Application of Ipomoea cairica aqueous leachate (0.025 g mL
-1
) in Brassica spp. improved 
germination, root and shoot lengths by 5.2% and 3.7%, respectively. Galinsoga parviflora 
water extracts at low concentration also improved the chilling resistance of Vicia faba roots 
(Maqbool et al., 2012). 
Exogenous application of allelochemicals as water extract of plant leaves is an 
effective method for improving growth and yield of other crops. It works equally well as seed 
treatments. Foliar application of plant extract improves growth of plants directly or 
indirectly. Foliar application of diluted moringa water extract increased sorghum 
germination, maize radical length and wheat hypocotyl length by 29, 77.8 and 14.5%, 
respectively (Phiri, 2010). This growth promotion is functioned by different allelochemicals 
such as phenols, ascorbates (Foidle at al., 2001) and zeatin (Fuglie, 2000) present in moringa 
leaf extracts. Mulberry water extracts reduced the growth of Bermuda grass but in contrast it 
improved the yield of wheat depending upon applied extract concentration (Haq et al., 2010). 
Jahangeer (2011) reported 52, 42 and 42% increase in maize yield under foliar application of 
3% water extracts each of moringa, sorghum and brassica, respectively. Similarly, foliar 
spray of water extracts of moringa and brassica 2% each enhanced canola yield by 35% as 
compared with control (Iqbal, 2011). Foliar application of 2% brassica, sunflower, moringa 
and rice water extracts promoted wheat grain yield significantly (Cheema et al., 2012). 
Exogenous application of sorgaab in low concentration (5 and 10%) in wheat at anthesis 
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stage promoted membrane stability, water relations, biological yield and grain yield (Munir, 
2011). 
2.9. Physiological Aspects of Allelopathy 
2.9.1. Allelochemicals and Photosynthesis 
Allelopathy due to its specific and great responses attained a much attention to 
affecting the growth and yield of plants (Rice 1984; Inderjit and Duke, 2003). The chemicals 
released through root exudates, leaf leachates and from residues of in specific amounts, are 
phenolics like benzoic and cinnamic acids, alkaloids, terpenoids found in the surroundings 
(Rice, 1984).  
These phenolics are well-known compounds to affect the growth and development of 
plants through suppressing or stimulating the germination. Allelochemicals alter a range of 
physiological mechanisms such as division of cell, cell differentiation, ion and water uptake, 
amount of water, phytohormones metabolism, respiration, photosynthesis, enzyme function, 
signal transduction as well as gene expression and primary as well as secondary function are 
very difficult to identify (Inderjit and Duke, 2003; Macias et al., 2007). 
2.9.2. Allelopathy and Chlorophyll Contents 
Allelopathic plant extracts have great influence on photosynthesis by affecting 
chlorophyll contents. Green pigments that are on leaves fixed photosynthates in the 
photosynthetic membranes play vital role in photosynthesis. Phenolic compounds such as 
ferulic, p-coumaric, and vanillic acids are involved in photosynthesis process at low 
concentration. Plants of soybean treated with these phenolics suppressed the biomass by 
decreasing the leaves chlorophyll contents.  
Improvement in chlorophyll contents might be due to the involvement of 
allelochemicals by promoting, stimulating chlorophyll synthesis, and ultimately the growth 
of plants (Patterson, 1981). Phenolic compounds affect the chlorophyll biosynthesis by 
stimulating the production of porphyrin, which is a precursor of chlorophyll biosynthesis 
(Rice, 1984). Phenolic acids, secalonic acid and monoterpenes increased the photosynthetic 
activity in Oryza sativa L., Sorghum bicolor L. and Cassia occidentalis L. respectively, by 
reducing the chlorophyll contents when applied at low concentrations (Zeng et al., 2001; 
Singh et al., 2002; Yang et al., 2002). 
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2.9.3. Impact of Allelochemical on Stomata 
Loss of turgor decrease the stomatal conductance due to imbalance of essential ions, 
minerals and water uptake due to allelochemicals in cucumber for several hours after 
application of plant water extracts (Yu et al., 2003). Foliar application of allelochemicals 
results in reduced stomatal conductance while in tobacco and sunflower remained for several 
days (Einhellig, 1999). Main role in stomatal conductance is K as well as ABA that are 
involved in closing and opening of stomata. Plant roots are affected firstly by the 
allelochemicals which result in reduction in ion uptake and ABA accumulation. While, 
inclusion of volatile essential oils from Prinsepia utilis L. also affected the stomatal 
conductance. Reduction in stomatal conductance was observed in cucumber and it was 
reduced by phenolics (Yu et al., 2003) and by hydroxylbenzoic acid in soybean (Barkosky et 
al., 2000). 
2.9.4. Impact of Allelochemicals on photo inhibition (reduced PS II function) and 
electron transport 
The oxidation and the reduction of water and plastoquinone simultaneously, are two 
chemical reactions that require energy driven force in photosynthesis process. As we know 
that photosynthesis require energy as driven force by capturing the incident light and this 
phenomenon of capturing of light is affected by many environmental stresses such as biotic 
and abiotic stresses and results in reduction in the capacities of photosynthetic system. 
Photosynthesis is usually light dependent and reduces substantial return of photosystem (PS) 
II photochemistry and ultimately reduces Chl a contents. Increase in leaf diffusive resistance 
and transpiration rate was noted when exposed to caffieic acid and important decline in 
Fv/Fm on 12 and 28 days after treatment was observed (Barkosky et al., 2000).  
Plant biochemicals (allelochemicals) are released by developed plants inhibited the 
synthesis of ATP, flow of electrons during phosphorylation and damaged electron transport 
process when some cyanobacteria and algae interact with them. Sorghum bicolor L. and 
aquatic Myriophyllum spicatum possessed biochemicals like Xanthorrhizol (Gonzalez et al., 
2003), sorgoleone (Gonzalez et al., 1997), resorcinolic lipids (Rimando et al., 2003) and 
polyphenolic allelochemicals (Leu et al., 2002) respectively and at higher concentration these 
chemicals considerably reduced PSII. 
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2.9.5. Allelopathy and its Influence on Carbohydrate Uptake 
CO2 assimilation is a complex mechanism and regulated in a cultured way. It is 
considered that CO2 assimilation is dependent on carbohydrate metabolism. Several 
phytochemicals (allelochemicals) exhibited harmful influences on mineral uptake like 
phosphate; however its effect on photosynthesis process has not yet reported. Moreover, 
carbohydrate content increase stunted growth of plants receiving high allelochemicals. In 
stressed situations, reduction in CO2 assimilation was noted and it might be due to 
intensification of carbohydrate metabolite in plants. Reduction in carboxylation proficiency 
was found but it is unclear whether it was due to inhibition of Rubisco activity or some other 
factor. Involvement of biotic and abiotic factors has been well reported which reduced the 
content and activity of Rubisco ultimately influenced the growth and development of plants 
(Allen and Ort, 2001). 
2.9.6. Interfering Allelochemicals with Mitochondrial Respiration 
Germination of seed is crucial phase in growth and development mechanisms of 
various plant species. This process depends upon several environmental factors like oxygen, 
temperature and light and allelochemicals also are involved in regulating both the capacity 
and the germination rate. Transportation of water, ions, and other solutes are the key factors 
needed for successful germination and also influence the basic cell activities like protein and 
RNA synthesis and respiration. Respiration is affected by several phytochemicals 
(allelochemicals) like phenolic acids, quinones, coumarins, terpenoids and flavonoids as 
observed in isolated and intact plant mitochondria.  Nevertheless, Allelochemicals like 
quinones, sorgoleone and juglone found to be most active and effective compounds in 
isolated mitochondria at 1.0 μM concentrations (Hejl et al., 1993). Flavonoids and phenolic 
acids influence the metabolism of mitochondria at higher concentrations (20 to 1000 μM) 
(Takahashi et al., 1998; Abrahim et al., 2003b) while, monoterpenes, are exhibited the 
similar results but at 50-5000 μM concentrations (Abrahim et al., 2003a). 
Allelochemicals at higher concentrations adversely influenced the mitochondria by 
disrupting the permeability of plant cell membrane. Besides it allelochemicals also transform 
within the plant cell. This is important to note that concentration of allelochemicals never 
attain those concentrations within the cell at which the compound is active on isolated 
mitochondria. Ferulic, vanilic and coumaric acids, caffeine, rutin and the monoterpenes 
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camphor, eucalyptol and limonene all have adverse effect on isolated mitochondria only at 
relatively high concentrations (Norman et al., 2004). 
2.10. Exploiting Allelopathy for Growth Promotion in rops 
Literature showed that allelopathic crops have a potential to promote the growth of 
crops, which may be explored. Growth promotion by allelopathic water extracts is an organic 
source of agriculture. The allelopathic water extracts are cheap and environmental friendly 
methods. Plant allelopathy offers a great potential to resolve this critical issue and may be 
used in suitable combination to promote the growth of crops. To handle growth and yield of 
plants, substances like growth regulators are exogenously applied which interact with the 
endogenous plant hormones. These may increase growth, induce flowering, delaying 
maturity or senescence and encouraging biomass production etc. if used in proper way. Both 
seed treatment and foliar application are affective for growth promotion purposes. Wheat, 
maize, sunflower and sugarbeet exhibited increase in yield by 10, 15, 15 and 10%, 
respectively, with seed treatment and foliar application at 100 g agrostemin per hectare 
(Biprodukt, 1984). Oil contents improvement by 4% also found in sunflower. Brassinolide 
and several other analogues have been investigated but found to be costly in field crops 
(Maugh, 1981). At low concentrations these chemicals stimulated the root growth of alfalfa 
(Chon et al., 2004) and in another study both stimulatory as well as inhibitory effects on 
compositae plant species were reported (Chon et al., 2003a, b). In a field study on maize, two 
foliar sprays of 3% moringa, 3% sorghum, and 3% brassica water extract increased maize 
yield by 52, 42 and 42%, respectively over control (Jahangeer, 2011). 
In crop husbandry, allelopathy (inhibitory or promotery) developed a good reputation 
among the farming community. Several researches had made inquiries in the field of 
allelopathy and showed inhibitory and promotive affect of allelochemicals at different 
concentrations (higher and lower) to the other plants. At low concentrations, phytochemicals 
show promotery effects (Narwal, 1994) and can be exogenously applied to promote the 
growth and yield of plants an inexpensive, secure, and efficient manner (Oudhia et al., 1988). 
Phytochemicals promote or inhibit the growth and development of other plants in various 
doses and they are supposed to be natural growth promoters as in lower concentrations they 
promote the yield of other plants (Chung and Miller, 1995: El Atta and Basher, 1999; Farooq 
et al., 2009). Crop plants like sunflower (Leather, 1987; Batish et al., 2002), sorghum, 
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(Cheema et al., 2003b), Brassica, (Moyer and Huang, 1997), mulberry, (Hong et al., 2003; 
Hong et al., 2004) and moringa (Basra et al., 2011b) have great allelopathic potential and at 
low concentration promote the growth of plants (Khanh et al., 2005). Phytochemicals 
extracted from these plants may have synergistic influence when used alone and in 
combinations with each other (Duke and Laydon, 1993; Bhowmik and Inderjit, 2003). Dry 
weight of weeds was reduced approximately by 38% when sorgaab was sprayed four times in 
maize and it improved the overall economic yield of maize by 34% as compared with control 
(Cheema et al., 2004). 
2.10.1 Allelopathic Potential of Sorghum 
Sorghum is a noteworthy cereal grain crop and cultivated all over the world. In 
several studies, the allelopathic potential of sorghum has been investigated. Sorghum 
residues were examined, identified and suggested that it contained a large number of 
allelochemicals namely, caffiec acid, gallic acid, m-cumaric acid, p-hydroxybenzoic acid, 
ferulic acid, vanilic acid, benzoic acid, chlorogenic acid which were water soluble (Cheema, 
1988). Sorghum can effectively be used to control weeds at higher concentration and for 
growth and yield promotion at low concentration (Cheema and Khaliq, 2000). Sorghum 
water extract can efficiently be used to increase the yield of various field crops like, brassica, 
rice, maize, wheat, and mungbean as it is inexpensive and recognized practice in agriculture 
system (Mahmood and Cheema, 2004). Allelopathy of sorghum may be exploited in different 
as foliar spray of sorgaab (water extract of sorghum), as mulch and sorghum residue 
incorporation in soil before sowing next crop. Mulching, crop alternation and exogenous 
application of plant water extracts could also be adopted to explore the allelopathic potential 
of crops (Weston, 1996). Sorghum residues possessed a large quantity of phenolics which 
affected the succeeding crops after releasing phenolics into the surrounding environment 
(Sene et al., 2001). Foliar applied sorgaab (sorghum extract) enhance the growth and yield of 
plants due to the presence of allelochemicals like phenolic acid, coumeric acid etc. at low 
concentration (Narwal, 1994). The allelochemicals can promote the growth and yield of 
similar or different plants at reduce sorgaab concentrations and may be used as plant growth 
promoter as it is an inexpensive, secure, and efficient natural source (Oudhia et al., 1988). 
Water extract of sorghum when exogenously sprayed it promoted 33-37% yield of 
maize (Ahmad et al., 2000). Similarly, 15% increase in wheat yield was observed as 
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compared with control when mature sorghum herbage incorporated into soil (Cheema and 
Khaliq, 2000). Sorgaab also increased the yield of wheat by 46% over control after spraying 
three times at 15, 30 and 45 days after sowing (DAS) (Cheema et al., 2002). Sorghum water 
extract was used alone and also in various combinations with other extracts like maize and 
rice at 30 and 40 days after sowing (DAS) it was observed that combined application of these 
extracts was more affective than the sole application of sorgaab and an increase in grain yield 
(19%) in wheat was noted over control (Cheema et al., 2003b). Foliar spry of sorgaab 
(sorghum water extract) at 35 and 50 DAS increased wheat yield by 10-21%. Sorghum 
residues, incorporated in soil at cultivation time, amplified 15% wheat yield (Cheema and 
Khaliq, 2000). Allelopathic potential of sorghum can be exploited by using it as surface 
mulch, residue soil incorporation, using sorghum in crop rotation and in the water extracts 
form. To investigate the allelopathic potential of sorghum its residues and its extract (5 and 
10%) at 30 and 60 DAS (days after sowing) foliar applied realize its influence on yield and 
growth of wheat in separate experiments. Increase in growth and yield of maize was 
observed by 10–21% when sorgaab exogenously applied. However, 15% yield increase was 
indicated by sorghum residue incorporation in wheat. Water extract application found to be 
economical with maximum marginal rate of returns (Cheema and Khaliq, 2000). Sorghum 
can be used either as sorgaab (sorghum water extract), as mulch and soil incorporation and in 
crop rotation programs for getting good crop yield as sorghum water extract enhanced or 
increased the yield of various crops up to 15-30% and also it has potential as a natural growth 
enhancer when applied at lower concentrations. 
2.10.2. Allelopathic Potential of Rice  
Rice is also significant cereal crop of Pakistan and various scientists evaluated its 
allelopathic potential. Potential of different varieties of Oryza sativa L was exploited by 
different scientists and leaves and straw of rice was evaluated as water extracts, decaying 
residues and also the soil where rice was planted (Ma et al., 2006). Soil samples and rice 
water extract obtained from the field and five phytotoxic phenolic compounds (syringic acid, 
ferulic acid, p-coumaric acid, p-hydroxybenzoic acid, and vanillic acid) were identified. 
Coumaric acids, vanillic acids and ferulic acid existence (phytotoxins) in rice plant aqueous 
extract were also found (Chou and Lin, 1976). Astragalus sinicus (Chinese milk vetch) seed 
germination, seedling growth  and its population was reduced after applying rice husk water 
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extract (Pramanik et al., 2001) and also when chinese milk vetch was planted after the rice 
harvesting (Nakano and Hirai, 2000). Rice husk extracts exhibited more inhabitation of 
barnyard grass germination than leaf water extract of rice at higher concentrations (Chung et 
al., 1995). Growth and development of lettuce and duck salad also inhibited when rice leaves 
extracts was sprayed (Ebana et al., 2001). Root development of duck salad and lettuce also 
inhibited when leaf water extract of rice was applied (Okuno and Ebana, 2003). 
Allelochemicals released by rice plant to the adjacent location and influence the 
growth of various plant species growing in the surrounding area. Reputed allelochemicals, 
for instance, fatty acids, indoles, phenolic acids and terpenes also isolated and identified from 
root exudates of decomposing rice residues (Rimando and Duke, 2003). Rice water husk 
extracts was recognized various chemicals which inhibited the other plants by tricarboxylic 
diterpenes and called as momilactones (Rimando and Duke, 2003). Rice, wheat, oat, and 
barley plant water extracts evaluated in lab trials and significantly inhibit root growth of 
alfalfa, barnyard grass (Chon and Kim, 2004).  
Rice roots exudates several phenolic compounds (syringic acid, caffeic acid, vanillic 
acid, p-hydrobenzoic acid, and p-coumaric acid) and it affected the root growth of Sagittaria 
montevidensis and showed strong allelopathic effect in laboratory bioassay (Seal et al., 
2004). Growth of ducksalad and barnyard grass inhibited the production of allelochemicals 
exudate by roots and hull of rice cultivars. Allelopathic action of rice cultivars having 
allelopathic potential was more than 10 cm to ducksalad while red stem effected by the other 
cultivars in equivalent vicinity of activity (Olofsdotter et al., 2002). All the rice cultivars 
fabricated identical quantity and kind of allelochemicals and inhibited the successive plants 
(Kong et al., 2006). 
2.10.3. Allelopathic Potential of Maize  
Maize is also an allelopathic plant but less attention has been given to it. When maize 
is exposed in visible light its allelopathic potential enhanced (Jahangeer, 2011). Six types of 
allelochemicals were found and they showed suppressive activity when maize seeds 
germinated in the extract of acetone (Kato-Noguchi,
 
2000). The root growth and 
development of oat, ryegrass, crabgrass, lettuce and cockscomb seedlings was inhibited by 
the release of allelochemicals like 2, 4-dihydroxy-1, 4-benzoxazin-3-one (DIBOA), 6-
methoxy-2-benzoxazolinone (MBOA) and 5-chloro-6-methoxy-2-benzoxazolinone (Cl-
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MBOA) (Niemeyer and Perez, 1995; Kato-Noguchi et al., 2000, 2003). Corn had a strong 
allelopathic potential and showed phytotoxic effect by producing benzoxazinoid (DIMBOA) 
(Sicker et al., 2000). Phenolic acids are also present in ethanol water extracts of mature corn, 
wheat, sorghum and oat residues and these acids have phytotoxic effect on plant growth. 
Toxicity was tested by germination and growth response of weed seedlings, which varied 
with type of acid and its concentration (Guenzi and Mcalla, 1966). Phytotoxic chemicals 
(allelochemicals) discharged during the maize residue decay process in soil and it influenced 
the growth and development of the next crop (Horst and Hardtern, 1994). Matured maize and 
sorghum crop residues also confirmed extremely lethal effect at the time of application in the 
field but later on, approximately, after 4-6 months they exhibited harmless behavior. Fully 
decomposed residues of various crops like maize, oat, wheat and sorghum effect the plant 
growth by releasing the acids like p-coumeric acids (Guenzi and Mcalla, 1966). Residues of 
maize and giant foxtail also showed allelopathic behavior and enhanced the grain yield of 
corn and soybean. Hicks and Peterson (1981) also reported 14% increase in corn yield sown 
after soybean as compared with continuous corn cultivation. The growth and yield of 
succeeding crops after maize cultivation is severely affected due to production of 
allelochemicals in the soil through leaching and root exudation processes (Garcia, 1983). 
Secondary metabolites like benzoic acids, hydroxamic acids, 4-phenylbutiric, 
phenylacetic, and o-hydroxy-phenylacetic acids released from roots, leaves and stem of 
maize, wheat and sorghum inhibit the seedling growth of wheat (Anaya, 1999). The protein 
portion, gluten meal, of maize seeds, showed a strong inhibitory effect on root systems of 
various crops and it can be used as an innate source of pre-emergence herbicide to trim down 
the coming out of weeds and shoot mass of broadleaf variety and also as growth promoting 
agent to enhance the growth and yield of crops (Liu et al., 1994). 
2.10.4. Allelopathic Potential of Moringa 
Moringa is most commonly known member of Moringaceae family and almost 13 
species of moringa tree is present in this family (Sengupta and Gupta, 1970; Morton, 1991; 
Gupta et al., 2000) which broadly ranges in Agra and Oudh in the northwestern region of 
India, south of the Himalayas and Pakistan and now planted across the tropical belt (Mughal 
et al., 1999; Anhwange et al., 2004). Only M. concanensis and M. oleifera species are 
naturally grow in Tharpar, Sindh and irrigated plains of the country regions of Pakistan 
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(Qaiser, 1973; Manzoor et al., 2007). "Sohanjna" is local name of Moringa olefera L in 
Pakistan (Qaiser, 1973). Seeds of moringa tree are used for purification of highly turbid Nile 
water in Sudan (Muyibi and Evison, 1994) as these seeds are antimicrobial, antipyretic, acrid 
and bitter (Sutherland et al., 1994).  
Moringa olefera L. is allelopathic in nature and famous for its inherent growth 
promoting potential among the scientific societies. Its leaves are rich in zeatin (Fuglie, 2000), 
phytohormones (cytokinin), ascorbates, phenols and minerals (like potassium and calcium) 
(Foidle et al., 2001) and hence it can be used as natural growth promoter in various crops. 
Significant improvement in growth and yield (20-35%) was observed in various crops like 
tomato, peanut, corn, onion and sugarcane when dilute MLE 3% was exogenously applied 
and this increase was usually species dependent (Foidle et al., 2001). Synthetic cytokinin 
(benzyl amino purine) and natural cytokinin (MLE 30 times diluted) sources were foliar 
applied on maize for comparison as growth enhancer in lab bioassay. Under natural and 
slight stress conditions MLE (Moringa leaf extract) 30 times diluted with water exhibited 
better growth than artificial cytokinin (Basra et al., 2011a). In another study when MLE 30 
times sprayed and evaluated on various crops like sorghum, maize, rice and wheat significant 
promotion was observed in sorghum germination (29%) but survival and growth of 
hypocotyl reduced (Phiri, 2010). Germination percentage and its radical length of rice 
decreased as MLE application delayed its germination. While, lengths of maize radicals and 
wheat hypocotyls lengths promoted by 77.8% and 14.5%, respectively due to moringa leaf 
water extract application (MLE) (Phiri, 2010). Benzyl amino purine (Synthetic cytokinin) 
and 30 times diluted moringa leaf extract (natural cytokinin) were compared under different 
drought stress (50% and 75% of field capacity) conditions in net house trials for better 
growth enhancer. MLE 3% (25 mL/plant) and benzyl amino purine (50 mg/L) was sprayed 
week basis and 100% irrigation and water spray were maintained as control. Results revealed 
that 30 times diluted MLE performed better under natural and mild stress conditions. 
Synthetic cytokinin (Benzyl amino purine @ 50 mg/L) exhibited the best results under severe 
drought stress (Basra et al., 2011b). The extract can be used in the form of foliar spray to 
promote the growth of plants. It also provides resistance against pest and diseases (Foidle et 
al., 2001). MLE 3% promoted cowpea germination, bean seedling emergence time but 
reduced groundnut germination percentage and survival of seedling of all cereals when it 
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foliar applied to check out it for growth promoting agent (Phiri and Mbewe, 2010). Jatropha 
and moringa leaves and bark extract were tested against fungi to find out suitable 
concentration which can be used against clinical isolates of fungi. The leaf extracts of 
jatropha and moringa plant were performed better than the bark extracts as bark extracts did 
not exhibit prominent results against fungus even at higher concentrations. Leaf extracts at 
0.75 mg/ml totally inhibited the contaminants. The results showed that leaf extract of both 
trees inhibited microorganism growth at higher concentrations however inhibitory effect was 
less at low rates (Ayanbimpe, et al., 2009). Leaf water extracts of Moringa oleifera L., 
Vernonnia amygdalina L., and Annona muricata L., were used to control Collectrichum 
destructivum on seeds of cowpea (Vigna uniguculata). Seeds of cowpea were primed with 
different concentrations 10, 20, and 30% w/v for 6, 12, 18 h. All the extracts concentration 
was effective against fungal pathogen (Akinbode and Ikotun, 2008). However MLE (moringa 
leaf extract) 30% was more effective than other plant extracts. Moringa oleifera extract was 
more effective than other plant extracts and compared favorably with benomyl in the control 
of the pathogen. Rizvi (1992) stated allelopathic activity of Moringa oleifera on Oryza sativa 
and Vigna mungo as a target species. They found that allelochemicals of moringa leachate of 
intact and chopped leaves and soil mixing of leaves. Siddhuraju and Becker (2003) studied 
the antioxidant properties of moringa leaf extract and demonstrated that it (1) reduced 
potassium ferricyanide, (2) scavenged superoxide radicals, (3) prevented the peroxidation of 
lipid membrane in liposomes (4) inhibited the oxidation of microsomes in rat liver, (5) 
inhibited the peroxidation of linoleic acid and prevented bleaching of carotene/linoleic acid 
mixture and (6) can denote hydrogen and scavenge radicals. Organic substances were used to 
check its effect on the growth and herb yield of sacred basil (Ocimum sanctum L). 
Panchakavya, humic acid and moringa leaf extract were used in different percentage at 60 
and 90 days after planting. It was concluded that combination of these (2% panchakavya + 
2% humic acid + 2% moringa leaf extract) gave the best result and its extract enhanced the 
growth and yield of crop (Price, 1985). 
Form the above review it is clear that allelopathic crops like sorghum, rice, maize, 
and moringa possess strong allelopathic potential and can be utilized as an effective stimulus 
for plant growth and it trigger physiological and biochemical attributes under normal and 
mild stressful conditions and promote targeted crop growth and yield.  
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Chapter 3 
 
MATERIALS AND METHODS 
 
The study was conducted to evaluate the efficacy of sorghum, maize, rice and moringa 
extracts as a natural crop growth enhancer. The experiments were conducted under laboratory 
and field conditions. The details regarding experimental site and materials used during course 
of these studies are described below. 
3.1. General Information 
Experimental details are given in the following sections: 
3.1.1. Experimental site, soil and design  
This two year study was consists of three sets of pot and two sets of field 
experiments. Pot trials were performed in Allelopathy lab and laid out in completely 
randomized design (CRD) with factorial arrangement using three repeats while, field 
experiments were conducted in randomized complete block design (RCBD) with four 
replications during 2011 and 2012 at agronomic research farm, University of Agriculture, 
Faisalabad, Pakistan (31.25°N, 73.09°E, 184.8 m altitude).  
The soil belongs to the Lyallpur soil series (Aridisol-fine-silty, mixed, hyperthermic 
Ustalfic, Haplargid in USDA classification and Haplic Yermosols in the FAO classification 
scheme). Prior to sowing of the crop, soil samples were collected to a depth of 0-15 cm and 
15-30 cm with soil auger and analyzed for various physico-chemical properties at Soil 
Science Section, Ayub Agricultural Research Institute, Faisalabad (Table 3.1). Percentage 
of sand, silt and clay in the soil samples was determined by hydrometer method (Moodie et 
al., 1959). Textural class was determined by using International Textural Triangle (Brady, 
1990). Soil was analyzed for its various chemical properties by using the methods as 
described by Homer and Pratt (1961). Analytical work was done in “Allelopathy lab” 
Department of Agronomy, University of Agriculture, Faisalabad. 
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Table 3.1: Physico-chemical analysis of the soil 
Characteristics Unit 2011 2012 
A) Depth of sample cm 0-15 15-30 0-15 15-30 
B) Mechanical analysis      
   Sand % 46 45 45 43 
   Silt % 23 21 22 20 
   Clay % 27 26 28 27 
   Textural class _____________Sandy Loam___________ 
C) Chemical analysis      
   Saturation  % 34 34 34 33 
   EC d Sm
-1
 0.23 0.37 0.28 0.30 
   pH - 8.4 8.3 8.3 8.3 
   Ex. Na 
   Organic matter 
mmol/100 g 
% 
0.9 
0.66 
1.0 
0.53 
0.95 
0.64 
0.9 
0.58 
   Total nitrogen % 0.042 0.033 0.040 0.036 
   Available phosphorus ppm 7.0 5.0 7.5 6.0 
   Available potassium ppm 120.0 130.0 140.0 148.0 
 
Fig.3.1. Weather data during both experimental years 
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3.1.2. Preparation of plant water extracts 
 The plant material of different crops as sorghum, rice, maize, and the leaves of 
moringa were collected from Research Area of the Department of Agronomy, University of 
Agriculture, Faisalabad and was used in water extract preparation for laboratory trials and 
field experiments.  
Plant water extracts were prepared and used by following way:  
 Sorghum, rice and maize plant herbage harvested at maturity after drying, and then 
chaffed with the help of fodder cutter into 2 cm pieces and stored under shade. This chaffed 
herbage was soaked in tap water for 24 h in a ratio of 1:10 (w/v) and extracts were taken with 
the help of sieve. These extracts were used without boiling (simple soaking) i:e fresh extract 
with and without an adjuvant (Emulan) and also concentrated up to 20 times by boiling for 
easy handling and application (Cheema and Khaliq, 2000). Then boiled extracts were also 
used with and without Emulan to explore their growth promotery potentials in pot trials.  
Young leaves/branches of moringa were harvested from young full grown trees 
located at the experimental nursery area of Department of Forestry, Range Management and 
Wildlife, University of Agriculture, Faisalabad and moringa leaf extract (MLE) was prepared 
by freezing these leaves for two days. Then these frozen leaves were grinded in a locally 
fabricated extraction machine in Seed Physiology Lab Department of Crop Physiology. The 
juice was collected and filtered by passing through a muslin cloth to remove all the green 
matter (Price et al., 2008). After that the extract was stored for 2-3 days at room temperature 
and moringa leaf extract (MLE) used according to the experiment’s requirement.  
In preliminary laboratory trials various concentrations of fresh and boiled extracts of 
crops like sorghum, maize and rice were optimized to evaluate their growth promotery 
potential. Moringa is well known for their growth promotery potential and lot of studies have 
been done on this aspect of moringa that’s why we exclude it from the laboratory trials. 
However, during filed experiments moringa leaf extract was used only in fresh form because 
boiling may denature the cytokinins, important minerals and vitamins which may affect the 
plant growth negatively. 
3.2. Experimental Details 
The study comprised of 3 sets of laboratory and two field experiments. Detail of each 
experiment is separately given as under: 
34 
 
3.2.1. Laboratory trials    
3.2.1.1 Experiment No. 1: Optimizing the Application of Sorghum Water 
Extract for Improving the Seedling Growth of Maize 
The detail of treatments is as under 
Factor a. Plant water extract concentration 
I. Control 
II. SWE @ 100% 
III. SWE @ 50% 
IV. SWE @ 25% 
V. SWE @ 10% 
VI. SWE @ 5% 
VII. SWE @ 3% 
Factor b. Plant water extract types 
I. Fresh water Extract 
II. Boiled water extract 
Factor c. Adjuvant 
I. No adjuvant 
II. Adjuvant (Emulan) 
3.2.1.2. Experiment No. 2: Optimizing the application of maize water 
extract for improving the seedling growth of maize 
The detail of treatments was as under 
Factor a. Plant water extract concentration 
I. Control (Distilled water) 
II. MWE @ 100% 
III. MWE @ 50% 
IV. MWE @ 25% 
V. MWE @ 10% 
VI. MWE @ 5% 
VII. MWE @ 3% 
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Factor b. Plant water extract types 
I. Fresh water Extract 
II. Boiled water extract 
Factor c. Adjuvant 
I. No adjuvant 
II. Adjuvant (Emulan) 
3.2.1.3. Experiment No. 3: Optimizing the Application of Rice Water 
Extract for Improving the Seedling Growth of Maize 
The detail of treatments is as under 
Factor A. Plant water extract concentration 
I. Control (Distilled water) 
II. RWE @ 100% 
III. RWE @ 50% 
IV. RWE @ 25% 
V. RWE @ 10% 
VI. RWE @ 5% 
VII. RWE @ 3% 
Factor B. Plant water extract types 
I. Fresh water Extract 
II. Boiled water extract 
Factor C. Adjuvant 
I. No adjuvant 
II. Adjuvant (Emulan) 
3.2.3. Procedure for Pot Trials 
 The pot trials were conducted in the Allelopathy Laboratory, Department of 
Agronomy, University of Agriculture, Faisalabad, Pakistan, following completely 
randomized block design (CRD) with three repeats. Plastic pots (9 cm diameter), were filled 
with 350 g of sand and ten seeds of maize were sown in these pots for germination. When all 
the seeds germinated and plants properly established then 100 mL of fresh and boiled plant 
water extracts of sorghum, maize and rice with and without an adjuvant (Emulan) were 
36 
 
applied to each pot as per treatment to find out their growth promotery potential. Control 
(100 ml/pot distilled water) treatment was also included in each experiment for treatment 
comparisons. Then after that each pot was irrigated with 100 ml/pot distilled water as and 
when required to avoid water stress. Fourteen days after germination; seedlings were 
carefully harvested to record the data for the following parameters. 
3.2.4. Procedure for recording data (Pot experiments) 
Following data were recorded in laboratory experiments  
3.2.4.1. Shoot and root length 
 Shoot and root lengths of maize seedlings were measured with a measuring tape and 
average lengths were determined in cm. 
3.2.4.2. Fresh/dry weight 
 Fresh and dry weights were measured with the help of electric balance before and 
after drying (70
o
C oven dry until constant weight), then average fresh and dry weights were 
determined in grams. 
3.3. Detail of Field Experiments  
3.3.1. Crop husbandry 
 Maize hybrid DK-919 was sown in 70 cm spaced single rows on a well prepared seed 
bed with the help of a dibbler on 11
th
 and 3
rd
 of August in 2011 and 2012, respectively. 
Nitrogen, phosphorus and potash fertilizers were applied at 150 kg N, 100 kg P2O5 and 100 
kg K2O ha
-1
 in the form of urea and diammonium phosphate and sulphate of potash, 
respectively. Recommended full doses of P, K and one third of N in the form of diammonium 
phosphate (DAP), sulphate of potash (SOP) and urea, respectively was drilled at sowing 
time. Two third of the N was applied in two equal splits, i.e. 1/3
rd
 after 25 DAS and 
remaining 1/3
rd
 as top dressing at flowering (after 55 DAS). 
 First irrigation of 7.5 cm was applied 10 days after sowing the crop. While, 
subsequent irrigations were applied as and when needed. Thinning was done at 3-4 leaf stage 
to maintain plant to plant distance of 22.5 cm to ensure a uniform plant population. Furadan 
(3-G) @ 20 kg ha
-1
 was applied after thinning of crop at 3-4 leaf stage to protect the crop 
from maize borer and shoot fly. Crop was harvested manually when evidence of 
physiological maturity appeared. The crop plants were tied into piles and kept for sun drying. 
The cobs were removed from husk and were kept for sun drying to minimize moisture 
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content of grain and easy shelling. After certain period of sun drying, the cobs were shelled 
with the help of maize sheller to separate grains from pith. 
3.3.2. Procedure for field trials 
Field experiments were conducted in a randomized complete block design (RCBD) 
with 4 replications having a net plot size of 7×2.8 m
2
. Plant water extracts were prepared in a 
ratio of 1:10 (w/v) (Cheema and Khaliq, 2000), the same way as described earlier in section 
(3.1.2.). Pre optimized doses from the laboratory trials selected and sprayed alone and in 
combination with each other and also with fresh moringa leaf extract (MLE) at 3% in field 
trials (30 and 50 DAS). As dose of moringa was already optimized in previous experiments 
and a lot of literature is available. For foliar application volume of spray (300 L ha
-1
) was 
calibrated by using ordinary water. All water extracts were sprayed at 30 and 50 days after 
sowing (DAS) alone and in combination with each other and also with 3% moringa leaf 
extract (MLE) in field experiments as growth promoter in maize crop during 2011 and 2012. 
Spray was applied in the respective plots using a knapsack hand sprayer fitted with T-Jet 
Nozzle. 
The field experiments detail as under. 
3.3.2.1. Experiment No. 1: Evaluating the Growth Promotery Effect of 
Different Fresh Plant Water Extracts on Maize  
Treatments: 
T1= Control 
T2= Water spray 
T3= Rice water extract @ 3% 
T4= Sorghum water extract @ 3% 
T5= Maize water extract @ 3% 
T6 = Moringa leaf extract @ 3% 
T7 = Rice and sorghum water extract each @ 3% 
T8 = Rice and maize water extract each @ 3% 
T9 = Rice water extract and moringa leaf extract each @3% 
T10 = Sorghum and maize water extract each @ 3% 
T11 = Sorghum water extract and moringa leaf extract each @ 3% 
T12 = Maize water extract and moringa leaf extract each @ 3%  
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3.3.2.2 Experiment No. 2: Evaluating the Growth Promotery Effect of 
Boiled Plant Water Extracts on Maize 
Treatments 
T1= Control 
T2= Water spray 
T3= Rice water extract @ 3% 
T4= Sorghum water extract @ 3% 
T5= Maize water extract @ 3% 
T6 = Moringa leaf extract @ 3% 
T7 = Rice and sorghum water extract each @ 3% 
T8 = Rice and maize water extract each @ 3% 
T9 = Rice water extract and moringa leaf extract each @3% 
T10 = Sorghum and maize water extract each @ 3% 
T11 = Sorghum water extract and moringa leaf extract each @ 3% 
T12 = Maize water extract and moringa leaf extract each @ 3% 
3.4. Observations 
Following data were recorded during and after the experiment. 
3.4.1. Leaf chlorophyll contents 
The chlorophyll a and b contents were determined with the method as describe by 
Arnon (1949). The fresh leaves were cut into 0.5 cm segments and extracted overnight with 
80% acetone at 10°C. The extract was centrifuge at 14000 × g for 5 min and the absorbance 
of supernatant was read at 645 and 663 nm using a spectrophotometer (T 60 U 
Spectrophotometer PG Instruments, Limited). The chlorophyll a and b contents were 
calculated by using the following formulae (Lichtenthaler and Wellburn, 1983). 
3.5. Growth of maize 
3.5.1. Leaf area index 
 Periodic samples of three maize plants per plot were harvested at ground level and 
fresh weights were recorded. Leaves were separated and a sub sample of 10 g was used for 
leaf area measurements through leaf area meter (Licor, Model LI-3000). The total leaf area 
was computed accordingly. Data on leaf area were used to compute leaf area indices. Then, 
leaf area index (LAI) was calculated by the following formula of Watson, (1947) as follows: 
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   LAI = Leaf area per plant/Ground area per plant 
3.5.2. Leaf area duration 
 The leaf area duration (LAD) was estimated according to Watson, (1947) in days. 
   LAD = (LAI1 + LAI2) (t2 - t1)/2 
Where LAI1 and LAI2 are the leaf area indexes at times t1 and t2, respectively. 
3.5.3. Dry matter accumulation  
 Dry matter m
-2
 was recorded at 15-day intervals up to 90 days after sowing. At each 
time period, four maize plants per plot were harvested at ground level and fresh weights were 
recorded. Sub samples of 200 g (stem and cobs) and 100 g (leaves) were oven dried at 70ºC 
for 72 h and used to compute total dry matter using respective fresh weights. Data on leaf 
area and dry weight were used to compute leaf area indices (Watson, 1947) and crop growth 
rates (Hunt, 1978). 
3.5.4. Crop growth rate (g m
-2
 day
-1
) 
 Crop growth rate (CGR) was calculated as proposed by the Hunt (1978) in g m
-2
 day
-1 
                    
 Where W1 and W2 are the total dry weights harvested at times t1 and t2, respectively. 
3.5.5. Net assimilation rate (g m
-2
 day
-1
) 
Net assimilation rate (NAR) was calculated by the formula as proposed by Hunt 
(1978) in g m
-2
 day
-1
 as follows: 
               
     
Where W1 and W2 are the total dry weights measured at times t1 and t2, respectively during 
the growing season while LAD is the leaf area duration calculated within this interval.  
3.6. Morphological and yield related traits 
3.6.1. Plant height at harvest 
 Ten plants were selected at random from each plot and their height was measured 
from ground surface to the top of the plant with the help of meter rod and the average height 
was calculated in cm. 
3.6.2. Grain rows per cob 
 Ten randomly selected ears from each plot were taken; grain rows of each ear were 
counted and averaged to get number of grains rows per ear. 
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3.6.3. Cobs per plant 
 Total number of plants and ears from each plot were counted and then ear number per 
plant was calculated. 
3.6.4. Cob length (cm) 
 Cob length of each cob from ten randomly selected plants was measured with the help 
of a measuring tape. 
3.6.5. Grains per cob 
 Average grain number per ear was calculated from the total number of grains of ten 
randomly selected ears from each plot. 
3.6.6. Grains per row  
 Ten randomly selected cobs from each plot were taken; grains per rows of each ear 
were counted and averaged to get number of grains per row per ear. 
3.6.7. Grain-pith ratio 
 Grain pith ratio was calculated by simply dividing the grain weight by pith weight. 
3.6.8. 1000-grain weight (g) 
 Three samples of each of 1000-grains were taken randomly from the seed lot of each 
plot, weighed and then averaged. 
3.6.9. Grain yield (t ha
-1
) 
 Grain yield was recorded on plot basis in kg and then converted to t ha
-1
.  
3.6.10. Stover yield (t ha
-1
) 
 Crop from each plot was harvested manually. Ears were detached from all plants. 
Stalks were air dried and weighed to determine the stover yield in kg per plot. These values 
were transformed to t ha
-1
. 
3.6.11. Harvest index 
 Harvest index (%) was calculated by using the following formula of Beadle (1987)
                                      100 
3.7. Quality Parameters 
3.7.1. Grain starch contents 
 Representative grain samples were taken from each plot and starch concentration was 
determined by using Gluco-amylase method (Anonymous, 1990). 
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3.7.2. Grain protein contents 
 Protein content (%) of maize grain samples was determined by Kjeldahl's method 
(Anonymous, 1990). Nitrogen content was determined which was converted to protein by 
multiplying with the factor 6.25. 
3.7.3. Grain oil contents 
 Oil concentration of the representative grain samples taken from each plot was 
determined by the Soxhlet method as described by Low (1990). 
3.8. Statistical Analysis 
 All the data were analysed by using "MSTATC" statistical package on a computer 
(Anonymous, 1986). Data of each laboratory trial were analysed separately while in case of 
field experiments combined analysis of two years data were performed. Least significant 
difference (LSD) test (Steel et al., 1997) was applied in field experiments while Duncan's 
Multiple Range test was used for laboratory trials. If the year x treatment effect was 
significant the comparison of treatments of both years were made while in case of non-
significant effect means of both the years were compared.  
3.9. Economic and Marginal Analysis 
 Economic analysis was carried out on the basis of variable costs and prevailing 
market prices of herbicide and maize crop. Marginal analysis was done to calculate the 
marginal net benefits and marginal rate of returns. Marginal analysis was carried-out 
according to procedures devised by CIMMYT (1988). 
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Chapter 4 
  
RESULTS AND DISCUSSION 
 
4.1. Optimizing the Application of Sorghum Water extract for Improving the Seedling 
Growth of Maize 
Results of the present study are presented and discussed below: 
4.1.1. Shoot length (cm) 
 There was significant influence of fresh and boiled sorghum water extracts (SWE) on 
the shoot length of maize (Table.4.1). Fresh and boiled SWE with and without adjuvant 
(Emulan) at higher concentrations (25-100%) inhibited the shoot length of maize seedlings 
while SWE lower concentrations (3, 5 and 10%) promoted shoot length of maize seedlings as 
compared to the control. Mostly, fresh and boiled SWE with adjuvant significantly affected 
the shoot length of maize seedling and did not show promotive effect rather it suppressed the 
shoot length even at low concentration by the addition of adjuvant (Emulan). Maximum 
shoot length of maize was recorded at 3% fresh and boiled SWE without adjuvant followed 
by 5% fresh SWE without adjuvant. Fresh and boiled SWE at 5% without adjuvant also 
performed better and was statistically at par with 3% fresh and boiled SWE without adjuvant. 
While, minimum shoot length was recorded by the application of 100% boiled SWE with 
adjuvant followed by boiled and fresh SWE without and with adjuvant at 100%, respectively. 
These results indicate that fresh/boiled SWE without adjuvant promote shoot length when 
applied at low concentrations. On average fresh SWE performance was better than the boiled 
SWE in growth promotion while, addition of adjuvant (Emulan) was not effective in growth 
promotion (Table 4.2). 
4.1.2. Root length (cm) 
 The interaction among the treatments receiving fresh and boiled SWE with and 
without adjuvant for root length of maize seedling was significant (Table 4.1). Most of the 
SWE concentrations significantly affected the root length of maize seedlings as compared 
with control (Table 4.1). Fresh and boiled SWE without and with adjuvant exhibited 
suppressive effect on root length of maize seedlings at higher concentrations (25-100%),  
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Table 4.1: Analysis of variance for influence of sorghum plant water extract on shoot 
length, root length and shoot fresh weight of maize seedling 
Sources of variance 
Mean Square  
D.F. Shoot length Root length Shoot fresh weight 
Extract concentrations (F
1
) 6 88.94** 140.36** 155530** 
Extract type (F
2
) 1 158.47** 2.29ns 38272** 
Adjuvant addition (F
3
) 1 97.77** 354.10** 199436** 
F
1
 × F
2
 6 3.94ns 0.49ns 25911** 
F
1
×F
3
 6 3.97ns 31.87** 8316** 
F
2
 × F
3
 1 15.87* 75.81** 11271** 
F
1
 × F
2
 × F
3
 6 11.18** 3.35* 14378** 
Error 56 3.21 1.19 1262 
Total 83 13.25 18.74 18608 
F 1= Extract concentration,  F 2= Extract type (fresh and boil);  F 3= Adjuvant addition (with and without); * = 
Significant at P ≤ 0.05, ** = Significant at 0.01 probability level, ns = Non-significant at 5% probability level 
Table 4.2: Effect of different concentrations of sorgaab on shoot length (cm) of maize 
seedlings 
Treatments 
Fresh Boiled 
Means Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 31.91 c-h 30.73 f-i 30.03 g-i 28.04 i-k 30.17 C 
SWE  100% 30.17 g-i 26.43 j-l 26.81 j-l 24.66 l 27.02 D 
SWE  50% 30.97 e-i 32.67b-g 30.75 f-i 25.73 kl 30.03 C 
SWE  25% 33.40 b-f 32.61 b-g 30.41 g-i 26.18 kl 30.65 C 
SWE  10% 34.16 b-d 33.81 b-e 32.64 b-g 29.26 h-j 32.47 B 
SWE  5% 35.52 ab 34.03 b-d 34.56 a-c 31.63 d-h 33.93 A 
SWE  3% 37.38 a 34.23 b-d 37.31 a 31.53 d-h 35.11 A 
Means (Extract type)      Fresh= 32.71 A                       Boiled=29.97 B 
Means (Adjuvant addition)  Without adjuvant=32.42 A  With adjuvant=30.26 B 
LSD values (P ≤ 0.05): Treatments= 1.46; Extract type = 0.78; Adjuvant addition = 0.78; Treatment × Extract 
type × Adjuvant addition = 2.93; SWE= Sorghum water extract 
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while at lower concentrations (3, 5 and 10%) SWE without adjuvant promoted the root 
length. The promotive effect declined as concentration of the extracts increased. Fresh or 
boiled SWE with adjuvant (Emulan) significantly influenced the root length of maize 
seedling and exhibited suppressive effect on the root length of maize seedlings and the 
addition of adjuvant (Emulan) reduced promotive potential of sorgaab (SWE) even at low 
concentrations (3 and 5%). Maximum root length promotion was observed with the 
application of 3% fresh SWE without adjuvant followed by 5% SWE without adjuvant and 
both were statistically at par. While, minimum root length was observed, wherein 100% fresh 
SWE with adjuvant was applied followed by 100% boiled SWE without adjuvant. It can be 
inferred from these results that sorgaab without adjuvant at lower concentrations promoted 
root length and fresh SWE without adjuvant (3 and 5%) was more effective in improving the 
root length of maize seedling while addition of adjuvant suppressed the root length of maize 
seedlings (Table 4.3). 
4.1.3. Shoot Fresh weight (mg) 
Shoot fresh weight of maize seedling was significantly affected by the application of 
fresh and boiled sorghum water extract (SWE/sorgaab) without and with adjuvant (Table 
4.1). Both fresh and boiled SWE without and with adjuvant at higher concentrations (50-
100%) inhibited the shoot fresh weight while, at lower concentrations (3, 5 and 10%) SWE 
without adjuvant promoted the shoot fresh weight. The promotive potential of sorgaab 
decreased as its concentration increased. All fresh and boiled water extracts with adjuvant 
considerably affected the shoot fresh weight of maize seedling and exhibited inhibitory effect 
rather than promotive and the promotion of the shoot fresh weight at lower concentration (3 
and 5%) was lessened by the addition of adjuvant (Emulan) as compared with  3% SWE 
(both fresh and boiled water extracts). Maximum shoot fresh weight was noted at 3% fresh 
SWE followed by 5% fresh SWE and 3% boiled SWE without adjuvant which was 
statistically at par with each other. While, minimum shoot fresh weight was recorded with 
100% fresh sorgaab with adjuvant followed by control and 100% boiled SWE with adjuvant  
It can be inferred from these results that SWE at lower concentrations promote shoot 
fresh weight. On average fresh SWE without adjuvant was more effective than boiled SWE 
while, the addition of adjuvant (Emulan) had no role in growth promotion (Table 4.4). 
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Table 4.3: Effect of different concentrations of sorgaab on root length (cm) of maize 
seedlings 
Treatments 
Fresh Boiled 
 
Means 
 Without 
adjuvant 
   With 
adjuvant 
  Without 
adjuvant 
   With 
adjuvant 
 
Control 28.22 i-m 27.44 lm 28.95 h-l 27.82 j-m 28.11 D 
SWE  100% 28.29 i-m 24.68 n 24.96 n 26.93 m 26.22 E 
SWE  50% 31.08 e-f 26.85 m 29.63 f-i 27.76 j-m 28.83 CD 
SWE  25% 32.19 de 27.59 k-m 29.30 h-k 29.50 g-j 29.65 CD 
SWE  10% 35.98 c 28.88 h-l 33.26 d 30.60 e-h 32.17 B 
SWE  5% 39.95 a 29.73 f-i 37.21 bc 31.36 ef 34.56 A 
SWE  3% 41.40 a 29.85 f-i 38.14 b 31.40 ef 35.20 A 
Means (Extract type)           Fresh=30.86                         Boiled=30.49  
Means (Adjuvant addition)     Without adjuvant=32.35 A    With adjuvant=28.60 B 
LSD values (P ≤ 0.05): Treatments = 0.89; Extract type = NS; Adjuvant addition = 0.47; Treatment × Extract 
type × Adjuvant addition = 1.79; SWE=Sorghum water extract;  
Table 4.4: Effect of different concentrations of sorgaab on shoot fresh weight (mg) of 
maize seedling 
Treatments 
Fresh Boiled  
Means  Without 
adjuvant 
   With 
adjuvant 
 Without 
adjuvant 
   With 
adjuvant 
Control 
1016 h-j  951 k 1034 g-i 1000 i-k 999 F 
SWE  100% 
1018 h-j  757 l   1000 i-k  962 jk 934 G 
SWE  50% 
1024 hi 1068 f-h  1117 ef  1012 h-j 1055 E 
SWE  25% 
1168 e 1087 fg  1148 e 1014 h-j  1104 D 
SWE  10% 
1234 cd 1226 d 1148 e 1045 g-i  1164 C 
SWE  5% 
1310 ab 1227 d  1233 cd 1055 g-i  1206 B 
SWE  3% 
1353 a 1288 bc  1310 ab 1055 g-i 1252 A 
Means (Extract type)        Fresh = 1124 A                      Boiled = 1081 B 
Means (Adjuvant addition)    Without adjuvant = 1150 A     With adjuvant = 1053 B 
LSD values (P ≤ 0.05): Treatments = 29.05; Extract type = 15.53; Adjuvant addition = 15.53; Treatment × 
Extract type × Adjuvant addition = 58.10; SWE=Sorghum water extract 
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4.1.4. Root Fresh weight (mg)  
Treatments where sorghum water extract (sorgaab /SWE) either fresh or boiled 
without and with adjuvant (Emulan) applied significantly influenced the root fresh weight of 
maize seedlings (Table 4.5). SWE (fresh or boiled) suppressed the root fresh weight at higher 
concentrations (50-100%). Whereas, at lower concentrations (3, 5 and 10%) more root fresh 
weight promotion was observed. The promotive potential of sorgaab declined as its 
concentration was amplified. All fresh and boiled water extract with adjuvant considerably 
affected the root fresh weight of maize seedlings and exhibited inhibitory effect rather than 
promotive. This growth promotery potential of SWE was less even at low concentrations (3 
and 5%) by the addition of adjuvant (Emulan) as compared to 3% fresh and boiled SWE 
without adjuvant. Maximum root fresh weight was observed at 3% fresh SWE without 
adjuvant followed by 5%, 10% fresh SWE and 3% boiled SWE without adjuvant which was 
statistically similar with each other. While, minimum shoot fresh weight was recorded with 
100% boiled SWE with adjuvant followed by 100% boiled and fresh SWE without and with 
adjuvant, respectively. It can be concluded from these results that fresh SWE without 
adjuvant at lower concentrations promote root fresh weight. Both fresh and boiled SWE on 
an average basis was almost equally effective at lower concentration (5-3%) while, the 
addition of adjuvant (Emulan) was less effective in growth promotion (Table.4.6). 
4.1.5. Shoot dry weight (mg) 
 Most SWE concentrations significantly influenced the shoot dry weight of maize 
seedlings as compared with control (Table 4.5). Results revealed that both fresh and boiled 
SWE inhibited the shoot dry weight at higher concentrations (50-100%) and shoot dry weight 
was promoted at lower concentrations (3, 5 and 10%). It was also noteworthy that there was 
direct relationship between concentration and growth promotery potential of SWE. By 
increasing SWE concentration decreased growth promotery potential of SWE. Both fresh and 
boiled SWE with Emulan (adjuvant) significantly decreased the shoot dry weight of maize 
seedlings and showed inhibitory effect even at lower concentrations (3 and 5%). Maximum 
shoot dry weight was observed at 3% fresh SWE without adjuvant followed by 3% boiled 
and 5% fresh SWE without adjuvant and they were statistically similar. While, minimum 
shoot dry weight was recorded with 100% fresh SWE with adjuvant followed by 100%  
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Table 4.5: Analysis of variance for influence of sorghum plant water extract on root 
fresh weight, shoot dry weight and root dry weight of maize seedlings 
Sources of variance 
Mean Square 
D.F. Root fresh 
weight 
Shoot dry weight Root dry 
Weight 
Extract concentrations (F
1
) 
6 193830** 2509** 1074** 
Extract type (F
2
) 
1 732ns 2965** 1802** 
Adjuvant addition (F
3
) 
1 151215** 1660** 5112** 
F
1
 × F
2
 
6 34885** 433** 44ns 
F
1
×F
3
 
6 8943* 310** 34ns 
F
2
 × F
3
 
1 22084* 43ns 206** 
F
1
 × F
2
 × F
3
 
6 16427** 128* 68** 
Error 56 3422 44 20 
Total 83 22773 330 188 
F 1= Extract concentration,  F 2= Extract type (fresh and boil);  F 3= Adjuvant addition (with and without); * = 
Significant at P ≤ 0.05, ** = Significant at 0.01 probability level, ns = Non-significant at 5% probability level 
Table 4.6: Effect of different concentrations of sorgaab on root fresh weight (mg) of 
maize seedlings 
Treatments 
Fresh Boiled  
Means  Without 
adjuvant 
   With 
adjuvant 
 Without 
adjuvant 
   With 
adjuvant 
Control 
SWE  100% 
SWE  50% 
SWE  25% 
SWE  10% 
SWE   5% 
SWE   3% 
1022.00 j-l   822.30 m  1007.70 kl  1100.00 h-k 988.00 D 
998.30 l  995.30 l 964.30 l   802.30 m  940.10 E 
1052.70 i-l  1014.30 kl 1135.30 e-i 1048.30 i-l 1062.70 C 
1097.70 h-k 1049.30 i-l 1193.30 e-h 1207.00 e-g 1136.80 B 
1320.00 bc 1112.70 g-j  1144.00 e-i 1130.00 f-i 1176.70 B 
1328.30 b 1218.00 ef 1226.70 c-e 1183.30 e-h 1239.10 A 
1437.30 a 1223.30 d-f  1316.70 b-d 1150.00 e-h  1281.80 A 
Means (Extract type) Fresh = 1121   Boiled = 1115   
Means (Adjuvant addition)  Without adjuvant = 1160 A With adjuvant = 1075 B 
LSD values (P ≤ 0.05): Treatments = 47.84; Extract type = NS; Adjuvant addition = 25.57; Treatment × Extract 
type ×Adjuvant addition = 95.69; SWE=Sorghum water extract 
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boiled SWE with and without adjuvant (Emulan). It can be concluded from these results that 
at lower concentrations sorgaab (SWE) promote shoot dry weight and both fresh and boiled 
SWE without adjuvant were effective in improving the shoot dry weight of maize seedlings. 
On an average, influence of fresh SWE without adjuvant was more than the boiled SWE in 
shoot dry weight promotion (Table 4.7). 
4.1.6. Root dry weight (g) 
 Root dry weight of maize seedlings was significantly influenced by fresh and boiled 
SWE without and with adjuvant as compared with control. Results of shoot dry weight 
indicated that at higher concentrations of fresh and boiled SWE (50-100%) exhibited more 
inhibitory effect while when SWE was applied at low concentrations (3, 5 and 10%) they 
promoted the root dry weight. It was also observed that at higher concentrations the 
promotive potential of sorgaab decreased. Both fresh and boiled sorgaab with Emulan 
(adjuvant) addition  significantly depressed the root dry weight of maize seedling showing 
inhibitory effect even at lower concentrations (3 and 5%). Maximum root dry weight was 
observed at 3% fresh SWE without adjuvant followed by 5% fresh SWE without adjuvant 
and 3% boiled SWE without adjuvant and were statistically at par with each other. While, 
minimum root dry weight was obtained with 100% boiled SWE with adjuvant (Emulan) 
followed by control and 100% fresh SWE with adjuvant. 
 These results affirmed that at lower concentrations sorgaab promoted root dry weight 
and both fresh and boiled sorghum extracts were effective in improving the root dry weight 
of maize seedling. On an average, influence of fresh SWE without adjuvant was more 
affective than the boiled SWE without adjuvant (Emulan) in root dry weight promotion 
(Table 4.8). 
4.1.7. Discussion 
 Growth of maize seedlings was significantly promoted by the sorghum water extract 
(SWE/sorgaab) when applied at low concentrations (3, 5, and 10%). Fresh SWE at 3% 
concentration appeared to be the most effective in growth promotion of maize seedlings as 
compared to the other treatments. The sorghum plant water extract contains indole-3-acetic 
acid (Casimiro et al., 2001), benzoic acid (Cheema, 1988), p-hydroxybenozoic acid (Guenzi 
and McCalla, 1966), vanillic acid (Mandava, 1985), m-coumaric acid, o-coumeric acid, o-
hydrocoumaric acid, cinimic acid, p-coumeric acid (Cheema, 1988), dihydro-p-coumaric acid 
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Table 4.7: Effect of different concentrations of sorgaab on shoot dry weight (mg) of 
maize seedlings 
Treatments 
Fresh Boiled 
Means Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
SWE  100% 
SWE  50% 
SWE  25% 
SWE  10% 
SWE  5% 
SWE  3% 
101.67 e-g 93.33 gh 100.73 e-g 73.00 ij 92.18 C 
97.00 f-h  66.67 j 73.33 ij 71.11 ij 82.78 D 
105.30 d-f 106.67 d-f 89.67 h 77.78 i 89.10 C 
108.33 de 111.00 de 113.00 cd  104.00 d-g 109.08 B 
123.67 bc 104.00 d-g 110.00 de 100.67 e-g 109.58 B 
125.00 ab 113.00 cd 108.67 de 111.33 de 114.50 B 
135.00 a 106.00 d-f 130.33 ab 112.67 d 121.00 A 
Means (Extract type)               Fresh =109 A               Boiled = 97 B 
Means (Adjuvant addition) Without adjuvant = 107.05 A  With adjuvant = 98.16 B 
LSD values (P ≤ 0.05): Treatments = 5.43; Extract type = 2.90; Adjuvant addition = 2.90; Treatment × Extract 
type × adjuvant addition = 10.86; SWE= Sorghum water extract 
Table 4.8: Effect of different concentrations of sorgaab on root dry weight (mg) of maize 
seedlings 
Treatments 
Fresh Boiled 
Means Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
SWE  100% 
SWE  50% 
SWE  25% 
SWE  10% 
SWE  5% 
SWE  3% 
125.97 b-e 122.67 ef  122.70 ef 100.00 kl 117.83 D 
 123.56 d-f 101.11 kl 116.33 f-h 95.23 l 109.06 F 
128.00 b-e 105.67 jk  117.67 fg  103.33 jk  113.67 E 
133.33 b 121.89 ef 123.67 c-f 106.33 i-k 121.31 D 
132.11 b 127.67 b-e  131.00 bc  110.00 h-j 125.19 C 
143.00 a 130.67 b-d 133.33 b  113.67 g-i 130.17 B 
143.67 a 132.67 b 142.00 a 127.00 b-e 136.33 A 
Means (Extract type)     Fresh = 126.57 A                 Boiled = 117.30 B  
Means (Adjuvant addition) Without adjuvant = 139.74  A  With adjuvant = 114.14 B 
LSD values (P ≤ 0.05): Treatments = 3.69; Extract type = 1.97; Adjuvant addition = 1.97; Treatment × Extract 
type × Adjuvant addition = 7.37; WE= Water extract  
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 (Guenzi and McCalla, 1966), gallic acid, caffeic acid (Chou and Lin, 1976), ferulic acid 
(Guenzi and McCalla, 1966), chlorogenic acid, iso cholorogenic acid (Cheema, 1988) and 
hydroquinone (Schereiner and Reed, 1908). Indole-3-acicidc acid stimulates the growth by 
increasing mitosis, cell division, cell elongation, and production of more number of root hairs 
which ultimately leads to good seedlings growth, whereas, benzoic acid, coumaric acid, 
gallic acid, caffeic acid increase cell division and cell enlargement by increasing the rate of 
mitosis and cellulose synthesis at low concentrations. Nevertheless, these showed inhibitory 
action at higher concentrations (Farooq et al., 2013). Chlorogenic acids, isocholorogenic 
acid, neocholorogenic acid, dicholorogenic acids (poly phenols) in sorgaab (sorghum water 
extract) inhibit the production of indole acetic acid oxidase enzyme when applied at higher 
concentration. While, application of plant water extracts containing p-coumeric acids at low 
concentration strongly activate indole acidic acid. Cinnimic acid at low concentration 
prevents indole acidic acid from degradation finally promote seedlings growth. Fresh 
sorghum water extract at low concentration (3%) increased shoot and root lengths, shoot and 
root fresh weights, shoot and root dry weights by 27.18, 46.70, 27.18, 43.45, 32.35, and 27%, 
respectively as compared to the boiled extract without adjuvant (Tables 4.2-4.8).  
Higher concentrations (50-100%) of the sorghum extract (fresh and boiled) inhibited 
the growth of maize seedlings. The inhibitory effect was more pronounced at 100% fresh and 
boiled sorghum extracts without and with adjuvant (Emulan) and it may be due to the 
presence of more allelochemicals in sorghum. When these extracts applied at higher 
concentrations, these suppressed the growth of plants by inhibiting cell division, cell 
enlargement and rate of mitosis. Phenolic compounds, at higher concentration, may act as 
anti-oxidants and inhibit the plant/crop growth due to the blockage or cessation of cell 
division, cell elongation, membrane permeability, hormonal activity, enzyme activation and 
protein synthesis.  
Addition of an adjuvant (Emulan) was not beneficial in terms of improving the 
efficiency of sorgaab either fresh or boiled in growth promotion. However, it suppressed the 
promotive potential of sorgaab even at low concentration. Possibly, it might have interfered 
with the activity of potent allelochemicals which take part in growth promotion. Growth of 
maize seedlings was either equal or less in case of boiled extract application as compared 
with fresh extracts (3 and 5%). Some of the active compounds might have reduced their 
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effectiveness, during boiling. Findings of this bioassay suggest that fresh sorgaab can be used 
at 3% for improving growth of maize seedlings. 
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4.2: Optimizing the Application of Maize Water Extract for Improving the Seedling 
Growth of Maize 
Results of the following experiment are given here 
4.2.1. Shoot length (cm) 
Most of the maize water extract treatments (MWE) fresh or boiled without and with 
adjuvant significantly influenced the shoot length of maize seedlings as compared with 
control (Table 4.9). Results revealed that higher concentrations (50-100%) of fresh and 
boiled MWE suppressed the shoot length while lower concentrations (3, 5 and 10%) 
promoted the shoot length when applied on maize seedlings. Addition of an adjuvant 
(Emulan) in fresh and boiled MWE did not exhibit promotion of shoot length of maize 
seedlings rather it suppressed the shoot length even at low concentrations (3 and 5%). 
Maximum shoot length was noted at 3% fresh MWE without adjuvant followed by 3% boiled 
MWE without adjuvant which was statistically at par with 3% fresh MWE with no adjuvant. 
While, minimum shoot length was recorded with 100% fresh MWE with adjuvant followed 
by 100% boiled and fresh MWE with and without adjuvant, respectively. These findings 
reveal that fresh and boiled MWE without adjuvant promoted shoot length at lower 
concentrations (3 and 5%). On the average, application of maize fresh and boiled extracts 
was almost equally effective in growth promotion while the addition of adjuvant (Emulan) 
was not effective (Table 4.10). 
4.2.2. Root length (cm) 
The interaction among the treatments receiving fresh and boiled MWE with and 
without adjuvant was significant and most MWE concentrations influenced root length of 
maize seedlings as compared with control (Table 4.9). Both fresh and boiled MWE at higher 
rates (50-100%) suppressed the root length while at lower rates (3, 5 and 10%) root length of 
maize seedlings was promoted. The promotive effect declined as concentrations of the MWE 
increased. MWE either fresh or boiled with adjuvant (Emulan) also significantly influenced 
the root length of maize seedlings and exhibited suppressive effect on the root length and it 
showed that addition of adjuvant reduced promotive potential of maize water extract even at 
lower concentrations (3 and 5%). Maximum root length of maize seedlings was recorded at 
3% fresh and boiled MWE and 5% fresh MWE with no adjuvant. Whereas, minimum root  
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Table 4.9: Analysis of variance for influence of maize plant water extract on shoot length, 
root length and shoot fresh weight of maize seedling 
Sources of variance 
Mean Square  
D.F. Shoot length 
(cm) 
Root length 
(cm) 
Shoot fresh weight 
(cm) 
Extract concentrations (F
1
) 6 97.46** 94.50** 119555** 
Extract type (F
2
) 1 19.25** 4.44ns 107406** 
Adjuvant addition (F
3
) 1 146.36** 331.68** 143913** 
F
1
 × F
2
 6 1.27ns 2.56ns 15150** 
F
1
×F
3
 6 23.22** 16.92** 11384** 
F
2
 × F
3
 1 3.85ns 14.78** 25818** 
F
1
 × F
2
 × F
3
 6 4.01** 4.67** 2905** 
Error 56 1.04 1.15 463 
Total 83 11.85 13.58 14422 
F 1= Extract concentration,  F 2= Extract type (fresh and boil);  F 3= Adjuvant addition (with and without); * = 
Significant at P ≤ 0.05, ** = Significant at 0.01 probability level, ns = Non-significant at 5% probability level 
Table 4.10: Effect of different concentrations of maize extract on shoot length (cm) of 
maize seedlings 
Treatments 
Fresh Boiled  
Means Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
MWE  100% 
MWE  50% 
MWE  25% 
MWE  10% 
MWE  5% 
MWE  3% 
30.41 d-f  29.19 f-h  30.87 de 29.80 d-f  30.07 E 
28.02 gh  27.95 gh 29.35 e-g  27.60 h  28.23 F 
30.16 d-f 29.89 d-f 29.59 d-g   28.96f-h  29.65 E 
32.85 c  31.12 d 30.36 d-f 30.59 d-f  31.23 D 
34.11 c  33.43 c 34.02 c  30.49 d-f  33.01 C 
37.81 b 33.97 c  37.80 b 30.41 d-f 34.10 B 
40.12 a 33.10 c 39.08 ab  31.09 d  35.85 A 
Means (Extract type)          Fresh = 31.29                    Boiled = 31.42   
Means (Adjuvant addition)     Without adjuvant = 33.82 A    With adjuvant = 30.54 B 
LSD values (P ≤ 0.05): Treatments = 0.84; Extract type = ns; Adjuvant addition = 0.45; Treatment × Extract type 
× Adjuvant addition = 1.67; MWE= maize water extract 
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length was found with 100% fresh MWE with adjuvant followed by100% boiled MWE with 
no adjuvant. It can be inferred from these results that MWE promoted root length and fresh 
and boiled maize extract were almost equally effective in improving the root length of maize 
seedling and addition of an adjuvant (Emulan) had no role in growth promotion of maize 
seedlings (Table 4.11).  
4.2.3. Shoot fresh weight (mg) 
Maize plant water extracts used at different concentrations significantly promoted the 
shoot fresh weight of maize seedlings as compared with control (Table 4.9). The interaction 
of MWE fresh and boiled without and with adjuvant (Emulan) for growth improvement was 
significant in the trial. It was observed from the results that fresh and boiled MWE either 
with or without adjuvant when applied at higher concentrations (50-100%) reduced the shoot 
fresh weight. While, lower rates of MWE (3, 5 and 10%) without adjuvant promoted shoot 
fresh weight of maize seedlings. The promotive potential of MWE declined as its 
concentration increased. By the addition of adjuvant, all fresh and boiled MWE considerably 
reduced the shoot fresh weight and MWE exhibited inhibitory effect rather than promotive 
even at lower rates (3 and 5%). Results revealed that maximum shoot fresh weight was found 
at 3% fresh MWE without adjuvant followed by 5% fresh MWE and 3% boiled MWE 
without adjuvant which were statistically similar with 3% fresh MWE without adjuvant. 
However, lowest shoot fresh weight was noted at 100% fresh MWE with adjuvant followed 
by 100% boiled MWE without adjuvant. It can be affirmed from these results that maize 
water extract at lower concentrations promote shoot fresh weight. On average fresh MWE 
was more effective as compared to the boiled MWE while, the addition of adjuvant (Emulan) 
had no growth promotery effect on maize seedlings (Table 4.12). 
4.2.4. Root Fresh weight (mg) 
The interaction among the treatments where MWE either fresh or boiled with and 
without adjuvant applied was significant and affected the root fresh weight of maize 
seedlings (Table 4.13). Higher concentrations (50-100%) of fresh or boiled MWE inhibited 
the root fresh weight whereas; its lower concentrations (3, 5 and 10%) promoted the root 
fresh weight. The promotive potential of MWE found to be less at higher concentrations. All 
fresh and boiled MWE with adjuvant considerably reduced the root fresh weight of maize 
seedlings and exhibited inhibitory effect rather than promotive and the promotion of the  
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Table 4.11: Effect of different concentrations of maize water extract on root length (cm) 
of maize seedlings 
Treatments Fresh Boiled Means 
Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
MWE  100% 
MWE  50% 
MWE  25% 
MWE  10% 
MWE  5% 
MWE  3% 
30.95 de  26.97 j  30.01 e-g  29.17 f-i  29.28 D 
28.22 h-j  24.99 k  26.79 J 27.63 ij  26.91 E 
31.85 d 28.22 h-j   30.48 d-g 29.97 e-h 30.13 D 
33.62 bc 28.74 g-i 32.08 cd  31.09 de 31.38 C 
34.07 b 29.74 e-h  32.08 cd 30.83 d-f 33.04 B 
37.65 a   30.46 d-g  34.65 b 30.44 d-g 33.97 A 
38.39 a 31.93 cd 37.89 a 31.03 de 34.81 A 
Means (Extract type)         Fresh = 31.59                              Boiled = 31.13  
Means (Adjuvant addition)    Without adjuvant = 33.35 A        With adjuvant = 29.37 B 
LSD values (P ≤ 0.05): Treatments = 1.06; Extract type = NS; Adjuvant addition = 0.47; Treatment × Extract 
type × Adjuvant addition = 1.75; MWE= Maize water extract 
Table 4.12: Effect of different concentrations of maize on shoot fresh weight (mg) of 
maize seedling 
Treatments Fresh Boiled  
Means Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
MWE  100% 
MWE  50% 
MWE  25% 
MWE  10% 
MWE  5% 
MWE  3% 
1051.70 h-k 1046.70 i-l  1030.00 j-m 1003.00 mn  1032.8 F 
1018.00 k-m 966.30 o   1000.00 m-o 974.00 no  989.6 G 
1027.00 k-m  1068.00 hi 1117.30 fg  1012.40 lm 1056.2 E 
1176.00 e 1084.00 gh  1148.20 ef 1015.20 lm  1105.8 D 
1248.00 cd 1226.30 d 1148.30 ef 1045.00 i-l 1166.9 C 
1343.70 b 1250.00 cd  1232.70 d 1051.70 h-k 1219.5 B 
1381.00 a 1270.00 c  1313.70 b 1064.00 h-j 1257.2 A 
Means (Extract type)             Fresh = 1154 A Boiled = 1083 B 
Means (Adjuvant addition)    Without adjuvant = 1160 A With adjuvant = 1077 B 
values (P ≤ 0.05): Treatments = 17.59; Extract type = 9.40; Adjuvant addition = 9.40; Treatment × Extract type 
× Adjuvant addition = 35.19; MWE= Maize water extract 
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shoot fresh weight at lower concentration (3 and 5%) was also less by the addition of 
adjuvant (Emulan) as compared to the 3% MWE without adjuvant. Maximum root fresh 
weight was observed at 3% fresh MWE without adjuvant followed by 3% boiled MWE 
without adjuvant. However, minimum root fresh weight was noted at 100% boiled MWE 
with and without adjuvant. It can be concluded from these results that MWE at lower 
concentrations promote root fresh weight. On average, fresh MWE exhibited strong growth 
promotery potential than boiled MWE while, the addition of adjuvant (Emulan) was not 
effective in growth promotion (Table 4.14). 
4.2.5. Shoot dry weight (mg) 
Different concentrations of MWE significantly influenced the shoot dry weight of 
maize seedlings as compared with control (Table 4.13). Results indicated that both fresh and 
boiled MWE reduced the shoot dry weight at higher concentrations (50-100%) and promoted 
shoot dry weight at low concentrations (3, 5 and 10%). It was also found that by increasing 
MWE concentrations decreased its growth promotery potential. Fresh and boiled MWE with 
Emulan (adjuvant) addition significantly decreased the shoot dry weight of maize seedling 
and showed suppressive effect even at lower concentrations (3 and 5%) of MWE. Maximum 
shoot dry weight was found at 3% fresh MWE without adjuvant followed by 3% boiled 
MWE without adjuvant and both were statistically similar with each other. While, minimum 
shoot dry weight was calculated with 100% fresh MWE with adjuvant followed by 100% 
boiled MWE with adjuvant (Emulan). It can be concluded from these results that low 
concentrations of MWE promote shoot dry weight and fresh extract of maize plant was more 
effective in improving the shoot dry weight of maize seedling on an average basis (Table 
4.15). 
4.2.6. Root dry weight (mg) 
Most of the MWE significantly influenced the root dry weight of maize seedlings as 
compared with control (Table 4.13). Effect of MWE indicated that at higher concentrations 
(50-100%) of both fresh and boiled MWE inhibited root dry weight and promoted root dry 
weight at lower concentrations (3, 5 and 10%). It was also observed that higher 
concentrations of MWE showed more inhibitory effect on growth of maize seedlings. Both 
fresh and boiled maize extract with Emulan (adjuvant) addition significantly depressed the  
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Table 4.13: Analysis of variance for influence of maize plant water extract on root fresh 
weight, shoot dry weight and root dry weight of maize seedlings 
Sources of 
variance 
Mean Square 
D.F. 
Root fresh 
weight 
Shoot dry 
weight 
Root dry 
weight 
Extract concentrations (F
1
) 6 100899** 3047.60** 1921.08** 
Extract type (F
2
) 1 6980** 198.11** 15.35ns 
Adjuvant addition (F
3
) 1 27041** 4800.30** 3660.24** 
F
1
 × F
2
 6 3010** 111.69** 54.58ns 
F
1
×F
3
 6 16308** 191.71** 161.90** 
F
2
 × F
3
 1 1456** 141.44** 152.67* 
F
1
 × F
2
 × F
3
 6 1428** 59.69** 92.15* 
Error 56 201 5.05 33.29 
Total 83 9356 311.89 229.77 
F 1= Extract concentration,  F 2= Extract type (fresh and boil);  F 3= Adjuvant addition (with and without); * = 
Significant at P ≤ 0.05, ** = Significant at 0.01 probability level, ns = Non-significant at 5% probability level 
Table 4.14: Effect of different concentrations of maize on root fresh weight (mg) of 
maize seedlings 
Treatments 
Fresh Boiled  
Means 
Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
MWE  100% 
MWE  50% 
MWE  25% 
MWE  10% 
MWE  5% 
MWE  3% 
1056.3 0 g 1012.30 h 1008.30 h 1011.30 h 1022.10 E 
1048.90 g 1010.30 h 969.30 i 951.0 i  994.90 F 
1041.70 g 1012.00 h  1011.00 h 1012.00 h  1019.20 E 
1055.00 g 1012.80 h 1088.00 f 1013.80 h 1042.40 D 
1057.00 g 1150.70 de 1102.00 f 1147.30 de 1114.30 C 
1212.70 c 1152.30 de 1132.00 e 1149.00 de 1161.50 B 
1346.00 a 1157.70 d 1321.00 b 1154.3 de 1244.80 A 
Means (Extract type)                       Fresh = 1095 A         Boiled = 1077 B 
Means (Adjuvant addition)        Without adjuvant = 1104 A  With adjuvant = 1068 B  
LSD values (P ≤ 0.05): Treatments = 11.59; Extract type = 6.19; Adjuvant addition = 6.19; Treatment × Extract 
type ×Adjuvant addition = 23.17; MWE= Maize water extract 
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Table 4.15: Effect of different concentrations of maize water extract on shoot dry 
weight(mg) of maize seedlings 
Treatments 
Fresh Boiled 
Means Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
MWE  100% 
MWE  50% 
MWE  25% 
MWE  10% 
MWE  5% 
MWE  3% 
101.33 gh 92.00 jk   102.67 fg 89.00 k  96.25 E 
82.00 l  73.00 n    95.00 ij  78.00 m 82.00 F 
97.33 i  97.00 i  102.33 g 81.33  lm 94.50 E 
104.33 fg  104.00 fg 106.33 f 98.33 hi  103.25 D 
126.00 c 106.33 f  112.67 e 102.00 gh 111.75 C 
135.00 b 111.00 e 127.00 c  102.33 g  118.83 B 
144.00 a 119.00 d 140.67 a 111.67 e 128.83 A 
Means (Extract type) Fresh = 106.60 A Boiled = 103.52 B  
Means (Adjuvant addition) Without adjuvant = 112.62 A With adjuvant = 97.50 B  
values (P ≤ 0.05): Treatments = 1.84; Extract type = 0.98; Adjuvant addition = 0.98; Treatment × Extract type × 
adjuvant addition = 3.67; MWE= Maize water extract 
Table 4.16: Effect of different concentrations of maize on root dry weight (mg) of 
maize seedlings 
Treatments 
Fresh Boiled  
Means 
Without 
adjuvant 
   With   
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
MWE 100% 
MWE 50% 
MWE 25% 
MWE 10% 
MWE 5% 
MWE 3% 
117.67 ef  106.40 g-i   115.89 ef 103.80 i-k  110.94 D 
97.67 i-k  95.70 k  103.33 i-k 96.07 jk 98.19 F 
113.33 f-h   102.00 i-k 104.33 h-k  102.00 i-k 105.42 E 
114.67 e-g  105.33 g-j 131.67 cd 102.00 i-k 113.42 CD 
118.00 ef 120.33 ef 123.67 de 105.90 g-i 116.97 C 
137.83 bc 120.86 ef 138.00 bc 118.33 ef 128.76 B 
148.67 a 23.67 de 143.83 ab 121.30 ef 134.37 A 
Means (Extract type)         Fresh = 115.87                         Boiled = 115.01 
Means (Adjuvant addition)  Without adjuvant = 122.04 A With adjuvant = 108.84 B 
LSD values (P ≤ 0.05): Treatments = 4.72; Extract type = NS; Adjuvant addition = 2.52; Treatment × 
Extract type × Adjuvant addition = 9.44; Maize water extract 
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root dry weight of maize seedling showing more inhibitory potential even at lower 
concentrations (3 and 5%). Maximum root dry weight was noted at 3% fresh MWE without 
adjuvant followed by 3% boiled MWE without adjuvant and it was statistically at par with 
3% fresh MWE without adjuvant. While, minimum root dry weight was obtained with 100% 
fresh MWE with adjuvant (Emulan) as compared to control. These results affirmed that at 
lower concentrations, MWE promoted root dry weight and both fresh and boiled maize 
extracts were effective in improving the root dry weight of maize seedling (Table 4.16). 
4.2.7. Discussion 
The results of this experiment revealed that the growth of maize seedlings was 
significantly influenced by the application of maize fresh and boiled extracts (without or with 
an adjuvant (Emulan). It was observed that fresh and boiled maize extracts without adjuvant 
at lower concentrations (3, 5, and 10%) increased the growth of maize seedlings; while 
higher concentrations (50-100%) of MWE inhibited seedlings growth. Among all MWE, 3% 
fresh maize extract without adjuvant was found to be most effective in growth promotion of 
maize seedlings. It might be due to the presence of indole-3-acetic acid (IAA) (Casimiro et 
al., 2001) and phenolic compounds as gallic acid (Fernandes et al., 1998), tannic acid , 
vanillic acid (Santiago et al., 2005), chlorogenic acid (Bushman et al., 2002) and caffeic 
acids and also salicylic acid (Graf, 1992) in maize water extract (Pedreshci and Cisneros-
Zevallos, 2005) which enhance or stimulate the plant growth by promoting cell division and 
cell elongation (Campbell et al., 1999) and increase root size, branching and/or greater 
density of root hair with larger surface area and enhance or promote the plant growth 
(Pupponen-Pimia et al., 2001). Results revealed that 3% fresh maize water extract without an 
adjuvant (Emulan) increased shoot and root lengths, shoot and root fresh weights, shoot and 
root dry weights by 23.58, 32.34, 21.65, 40.41, 42.57 and 43.27%, respectively (Tables 4.10-
4.16). 
Higher concentrations (50-100%) of the maize extract (fresh and boiled) inhibited the 
growth of maize seedlings. The inhibitory effect was more prominent at 100% fresh and 
boiled maize extracts without and with adjuvant (Emulan) and it may be due to the presence 
of more allelochemicals in maize extract. When these extracts applied at higher 
concentrations, these suppressed the growth of plants by inhibiting cell division, cell 
enlargement and rate of mitosis. Phenolic compounds, at higher concentration, inhibit the 
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plant/crop growth due to the blockage or cessation of cell division, cell elongation, 
membrane permeability, hormonal activity, enzyme activation and protein synthesis. 
Addition of an adjuvant (Emulan) was not beneficial in terms of improving the 
efficiency of maize water extract either fresh or boiled in growth promotion. However, it 
suppressed the promotive potential of maize water extract even at low concentrations. 
Possibly, it might have interfered with the activity of potent allelochemicals which take part 
in growth promotion. Growth of maize seedlings was either equal or less in case of boiled 
extract application as compared with fresh extracts (3 and 5%). Some of the active 
compounds might have reduced their effectiveness, during boiling. Findings of this bioassay 
suggest that fresh maize water extract can be used at 3% for improving growth of maize 
seedlings. 
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4.3. Optimizing the Application of Rice Water Extract for Improving the Seedlings 
Growth of Maize 
Results of the following experiment are given here 
4.3.1. Shoot length (cm) 
Most concentrations of the RWE expressively influenced the shoot length of maize 
seedlings as compared with control. The treatments, where fresh and boiled RWE with and 
without adjuvant (Emulan) applied, was significant (Table 4.17). Interaction among the 
treatments indicated that fresh and boiled RWE without adjuvant at low concentrations (3 
and 5%) were equally effective in growth promotion of shoot length of maize seedlings. 
Fresh and boiled RWE showed suppressive effect at higher concentrations (50-100%). The 
addition of adjuvant in most fresh and boiled RWE did not show positive effect rather it 
suppressed the shoot length of the maize seedlings and even at lower concentration (3 and 
5%) decreasing trend was observed in the shoot length growth by the addition of adjuvant 
(Emulan). Maximum shoot length was found at 3% fresh RWE without adjuvant followed by 
3% boiled RWE without adjuvant. While, minimum shoot length was noted at 100% fresh 
RWE with adjuvant. These results suggest that RWE at lower concentrations promote shoot 
length of maize seedlings. On average, application of fresh RWE was more effective in 
promotion of growth than boiled extract. While, the addition of adjuvant (Emulan) depressed 
shoot length growth (Table 4.18). 
4.3.2. Root length (cm)  
The interaction among the treatments getting fresh and boiled RWE (rice water 
extract) with and without adjuvant for root length of maize seedling was significant (Table 
4.17). Fresh RWE at 3% and 5% significantly enhanced the root length of maize seedlings as 
compared to the control. Results exposed that 3% fresh RWE was more effective than the 
rest of the treatments. Both fresh and boiled RWE extracts inhibited root length of maize 
seedlings at higher concentrations (50-100%) while, promoted root length at lower 
concentrations (3, 5 and 10%). The promotive effect decreased as concentration of the RWE 
increased. RWE either fresh or boiled with adjuvant (Emulan) significantly influenced the 
root length of maize seedling and addition of adjuvant increased the suppressive effect of 
RWE on the root length of maize seedlings at lower concentration (3 and 5%). Maximum 
root length promotion was observed with application of 3% boiled and 3% fresh RWE 
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Table 4.17: Analysis of variance for influence of rice plant water extract on  shoot length, 
root length and shoot fresh weight of maize seedling 
Sources of variance 
Mean Square 
D.F. Shoot length Root length 
Shoot fresh 
weight 
Extract concentrations (F
1
) 6 55.06** 113.39** 204223** 
Extract type (F
2
) 1 7.03* 7.19** 97847** 
Adjuvant addition (F
3
) 1 86.52** 342.55** 319816** 
F
1
 × F
2
 6 2.38ns 3.10** 10484** 
F
1
×F
3
 6 18.84** 15.99** 13894** 
F
2
 × F
3
 1 7.66* 33.62** 8705** 
F
1
 × F
2
 × F
3
 6 4.91** 1.34* 10671** 
Error 56 1.16 0.89 903 
Total 83 7.87 14.89 23043 
F 1= Extract concentration,  F 2= Extract type (fresh and boil);  F 3= Adjuvant addition (with and without); * = 
Significant at P ≤ 0.05, ** = Significant at 0.01 probability level, ns = Non-significant at 5% probability level 
Table 4.18: Effect of different concentrations of rice water extract on shoot length (cm) 
of maize seedlings 
Treatments Fresh Boiled Means 
Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
RWE  100% 
RWE  50% 
RWE  25% 
RWE  10% 
RWE  5% 
RWE  3% 
30.18 h-k 29.44 j-m 31.24 e-i  28.74 k-m 29.90 E 
29.71 i-l 25.85 n  28.33 lm 28.33 lm 27.95 F 
29.81 i-l 30.68 f-j 31.95 d-g 28.88 k-m 30.33 DE 
32.52 c-e 31.21 e-i 30.48 g-k 29.63 i-m   30.96 CD 
32.89 c-e 31.84 d-h  33.38 cd 28.98 j-m 31.77 C 
35.87 b   31.23 e-i 33.92 c  30.23 g-k 32.81 B 
38.21a 31.24 e-i  36.65 ab  32.28 c-f 34.59 A 
Means (Extract type)          Fresh= 31.48 A                     Boiled=30.90 B 
Means (Adjuvant addition)    Without adjuvant=32.20 A        With adjuvant=30.17 B 
LSD values (P ≤ 0.05): Treatments = 0.89; Extract type = 0.47; Adjuvant addition = 0.47; Treatment × Extract 
type × Adjuvant addition = 1.76; RWS= Rice water extract 
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without adjuvant and both were statistically same followed by 5% boiled RWE without 
adjuvant  While, minimum root length was observed wherein 100% boiled RWE with 
adjuvant was applied and it was followed by 100% boiled RWE without adjuvant. These 
results indicated that fresh RWE without adjuvant was more effective in root length 
promotion as compared with boiled RWE with adjuvant. On an average fresh extracts 
showed better results than the boiled while, addition of an adjuvant Emulan had no role in 
growth promotion as it suppressed the growth promotery potential of rice water extracts even 
at low concentration (3%) (Table 4.19). 
4.3.3. Shoot Fresh weight (mg) 
Shoot fresh weight of maize seedling was significantly affected by most of RWE (rice 
water extract) treatments either fresh or boiled without and with adjuvant (Table 4.17). Fresh 
and boiled RWE at higher concentrations (50-100%) inhibited the shoot fresh weight while at 
lower concentrations (3, 5 and 10%) RWE promoted shoot fresh weight of maize seedlings. 
The promotive potential of rice water extract lessened as its concentration increased. All 
fresh and boiled RWE with adjuvant considerably affected the shoot fresh weight of maize 
seedling and exhibited inhibitory effect rather than promotive and promotion of the shoot 
fresh weight at lower concentration (3 and 5%) was lessened by the addition of adjuvant 
(Emulan) as compared to the 3% RWE (fresh and boiled water extracts).  
Maximum shoot fresh weight was noted at 3% fresh RWE without adjuvant which 
was followed by 5% fresh and 3% boiled RWE without adjuvant and were statistically 
similar with each other. While, minimum shoot fresh weight was recorded with 100% fresh 
RWE without adjuvant followed by 100% boiled RWE with and without adjuvant. Fresh 
RWE at 3% and 5% without adjuvant and 3% boiled RWE without adjuvant found to be 
most effective in growth promotion and were equally effective in growth promotion of maize 
seedlings. 
It can be inferred from these results that RWE at lower concentrations (3 and 5%) 
without adjuvant promote shoot fresh weight. The fresh and boiled rice water extract was 
almost equally effective at lower concentration (3%) while the addition of adjuvant (Emulan) 
had no role in growth promotion (Table 4.20). 
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Table 4.19: Effect of different concentrations of rice water extract on root length (cm) 
of maize seedlings 
Treatments 
Fresh Boiled  
Means 
Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
RWE 100% 
RWE 50% 
RWE 25% 
RWE 10% 
RWE 5% 
RWE 3% 
28.22 j-l  27.53 k-m 30.06 hi 27.44 k-m 28.31 F 
28.29 j-l  27.06 lm 26.48 m  24.68 n 26.63 G 
31.08 f-h 27.76 k-m 31.27 f-h 26.86 lm 29.24 E 
32.20 ef 30.14 hi 33.08 de 27.60 k-m 30.75 D 
33.15 c-e  30.60 gh  34.66 c 28.88 i-k  31.82 C 
34.59 cd 31.77 e-g 36.69 b 29.73 h-j 33.20 B 
39.87 a 33.12 c-e 39.92 a 29.85 hi 35.69 A 
Means (Extract type)           Fresh=31.10 A             Boiled=30.51 B  
Means (Adjuvant addition)   Without adjuvant=32.82 A  With adjuvant=28.79B 
LSD values (P ≤ 0.05): Treatments = 0.77; Extract type = 0.41; Adjuvant addition = 0.41; Treatment × Extract 
type × Adjuvant addition = 1.54; RWE= Rice water extract 
Table 4.20: Effect of different concentrations of rice water extract on shoot fresh weight 
(mg) of maize 
 
Treatments 
Fresh Boiled  
Means 
Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
RWE  100% 
RWE  50% 
RWE  25% 
RWE  10% 
RWE  5% 
RWE  3% 
1085 gh 1006 jk 1012 i-k 1002 jk  1026 F 
989 k 822 m 924 l  920 l  914 G 
1113 fg 1070 gh  1118 fg 1013 i-k  1079 E 
1171 e 1091 gh 1151 ef 1015 i-k 1107 D 
1292 b 1226 d 1224 d 1048 h-j 1198 C 
1391 a 1240 cd 1304 b 1056 hi  1248 B 
1413 a 1277 bc  1385 a 1058 hi  1283 A 
Means (Extract type)        Fresh = 1156 B                    Boiled = 1088 A  
Means (Adjuvant addition)  Without adjuvant = 1184 A  With adjuvant =1060 B 
LSD values (P ≤ 0.05): Treatments = 24.58; Extract type = 13.14; Adjuvant addition = 13.14; Treatment × 
Extract type× Adjuvant addition = 49.16; RWE= Rice water extract 
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4.3.4. Root Fresh weight (mg) 
Most of the RWE treatments significantly influenced the root fresh weight of maize 
seedlings as compared with control and interaction among treatments was also significant 
(Table 4.21). It was also found that RWE either fresh or boiled suppressed the root fresh 
weight at higher concentrations (50-100%). Whereas, growth promotery potential of RWE 
was more at lower concentrations (3, 5 and 10%) and growth promotive potential of RWE 
increased by decreasing its concentrations. All fresh and boiled RWE with adjuvant 
substantially influenced the root fresh weight of maize seedlings and revealed inhibitory 
effect rather than promotive. The promotion of the root fresh weight at lower concentrations 
(3 and 5%) of RWE was lessened by the addition of adjuvant (Emulan) as compared with 3% 
RWE (both fresh and boiled water extracts) without adjuvant.  
Maximum root fresh weight was observed at 3% boiled RWE without adjuvant 
application which was followed by 3% and 5% fresh RWE without adjuvant and was 
statistically similar with each other. While, minimum shoot fresh weight was noted with 
100% fresh RWE without adjuvant followed by 100% fresh RWE with adjuvant. Fresh and 
boiled RWE at 3% without adjuvant was more effective in root fresh weight promotion than 
the rest of the treatments.  
It can be evident from these results that RWE at lower concentrations promote root 
fresh weight. On average fresh RWE were more effective than boiled while the addition of 
adjuvant (Emulan) had no effect in root fresh weight improvement (Table 4.22). 
4.3.5. Shoot dry weight (mg) 
Shoot dry weight of maize seedlings was significantly affected by most of RWE 
treatments either fresh or boiled without and with adjuvant (Table 4.21). At lower 
concentrations RWE (rice water extract) promoted shoot dry weight and both fresh and 
boiled RWE were equally effective in improving the shoot dry weight of maize seedlings at 
3% concentrations. Results exposed that fresh and boiled RWE inhibited the shoot dry 
weight at higher concentrations (50-100%) and at lower concentrations (3, 5 and 10%) RWE 
promoted shoot dry weight.  
It is also noteworthy that by increasing concentrations decreased promotive potential 
of RWE. Fresh and boiled RWE with Emulan (adjuvant) addition significantly decreased the 
shoot dry weight of maize seedlings and indicated inhibitory effect even at lower 
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concentrations (3 and 5%). Maximum shoot dry was found at 3% fresh RWE without 
adjuvant followed by 3% boiled RWE without adjuvant which was statistically at par with 
each other. While, minimum shoot dry weight was recorded with 100% fresh RWE with 
adjuvant (Emulan) followed by 50% RWE with adjuvant.  
It can be suggested from these results that at lower concentrations RWE’s promote 
shoot dry weight and fresh RWE was more effective in improving the shoot dry weight of 
maize seedlings on average basis and addition of an adjuvant showed inhibitory effect rather 
than promotive (Table 4.23). 
4.3.6. Root dry weight (mg) 
Results indicated that interaction among the treatments was significant and most of 
the treatments receiving RWE influenced the root dry weight of maize seedlings as compared 
with control (Table 4.21). Both fresh and boiled rice extracts without adjuvant found to be 
effective equally in root dry weight promotion. Findings revealed that at higher 
concentrations of RWE (50-100%) either fresh or boiled exhibited inhibitory potential on 
root dry weight while growth promotery potential was more at lower concentrations (3, 5 and 
10%). It was also observed that at higher concentrations promotive potential of RWE 
decreased.  
Both fresh and boiled RWE with Emulan (adjuvant) addition significantly depressed 
the root dry weight of maize seedlings showing inhibitory effect even at lower concentrations 
(3 and 5%). Maximum root dry weight was observed at 3% fresh RWE without adjuvant 
application followed by 3% boiled, 5% boiled and fresh RWE without adjuvant and all were 
statistically similar with each other. Though, least root dry weight was found with 100% 
fresh RWE without adjuvant (Emulan) followed by 100% fresh with adjuvant and 100% 
boiled RWE without and with adjuvant.  
These results affirmed that at lower concentrations rice water extract promoted root 
dry weight and fresh extracts were more effective in improving the root dry weight of maize 
seedlings on average and RWE with adjuvant showed suppressive effect on root dry weight 
(Table 4.24). 
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Table 4.21: Analysis of variance for influence of maize plant water extract on root fresh 
weight, shoot dry weight and root dry weight of maize seedlings 
Sources of 
variance 
Mean Square 
D.F. Root fresh 
Weight 
Shoot dry 
weight 
Root dry 
weight 
Extract concentrations (F
1
) 6 280666** 3339.67** 2458.84** 
Extract type (F
2
) 1 26331** 360.15** 107.29** 
Adjuvant addition (F
3
) 1 257987** 2714.74** 1920.03** 
F
1
 × F
2
 6 11419** 210.21** 72.01** 
F
1
×F
3
 6 15477** 75.34** 311.75** 
F
2
 × F
3
 1 16711** 415.11** 84.80** 
F
1
 × F
2
 × F
3
 6 8505** 103.32** 61.88** 
Error 56 1008 15.33 11.80 
Total 83 27155 321.93 243.37 
F 1= Extract concentration,  F 2= Extract type (fresh and boil);  F 3= Adjuvant addition (with and without); * = 
Significant at P ≤ 0.05, ** = Significant at 0.01 probability level, ns = Non-significant at 5% probability level 
Table 4.22: Effect of different concentrations of rice water extract on root fresh weight 
(mg) of maize seedlings 
Treatments 
Fresh Boiled  
Means Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
RWE  100% 
RWE  50% 
RWE  25% 
RWE  10% 
RWE  5% 
RWE  3% 
1014.00 gh  898.00 i  1018.70 gh 1001.70 gh 983.10 E 
830.30 j 855.70 ij  989.00 h 1003.30 gh 919.60 F 
1118.00 ef 1031.30 gh 1168.70 de 1042.70 g  1090.20 D 
1298.00 b 1033.00 gh 1226.70 c 1207.00 cd 1191.20 C 
1340.30 b 1102.70 f  1233.70 c 1130.00 ef 1201.70 C 
1340.00 b  1230.00 c 1337.30 b 1220.30 cd 1281.90 B 
1425.00 a  1241.70 c 1442.00 a 1232.70 c 1335.30 A 
Means (Extract type)               Fresh = 1161 A                       Boiled = 1125 B  
Means (Adjuvant addition)   Without adjuvant = 1199 A   With adjuvant = 1088 B  
LSD values (P ≤ 0.05): Treatments = 25.97; Extract type = 13.88; Adjuvant addition = 13.88; Treatment × 
Extract type ×Adjuvant addition = 51.93; RWE= Rice water extract 
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Table 4.23: Effect of different concentrations of rice water extract on shoot dry weight 
(mg) of maize seedlings 
Treatments 
 
Fresh Boiled 
Means 
Without 
adjuvant 
With 
adjuvant 
Without 
adjuvant 
With 
adjuvant 
Control 
RWE  100% 
RWE  50% 
RWE  25% 
RWE  10% 
RWE  5% 
RWE  3% 
105.00 g-i  77.78 m  101.33 ij 96.33 j 94.92 E 
85.67 l 71.11 n 89.67 kl  86.67 l  83.28 F 
95.33 jk 77.00 mn  103.63 hi 107.67 g-i 96.10 E 
116.67 ef 104.00 hi 109.00 gh  111.00 fg 110.17 D 
125.33 b-d 111.00 f-g 126.33 bc 106.33 g-i 117.25 C 
128.33 b 120.00 c-e 126.17 bc 116.33 ef  122.71 B 
137.93 a 122.67 b-e 136.00 a 119.33 de 128.98 A 
Means (Extract type)                Fresh =106                     Boiled = 110 
Means (Adjuvant addition)  Without adjuvant = 113 A     With adjuvant = 102 B 
LSD values (P ≤ 0.05): Treatments = 3.20; Extract type = 1.71; Adjuvant addition = 1.71; Treatment × Extract 
type × adjuvant addition = 6.40; RWE= Rice water extract 
Table 4.24: Effect of different concentrations of rice water extract on root dry weight 
(mg) of maize seedlings 
Treatments 
Fresh Boiled 
Means Without 
adjuvant 
   With 
adjuvant 
Without 
adjuvant 
  With 
adjuvant 
Control 
RWE  100% 
RWE  50% 
RWE  25% 
RWE  10% 
RWE  5% 
RWE  3% 
110.67 jk  104.33 l 102.67 l 106.00 kl  105.92 E 
85.33 m  101.00 l 101.00 l 101.22 l  97.14 F 
117.67 g-i  104.00 l 113.33 ij 105.67 kl 110.17 D 
123.00 e-g 116.00 h-j 123.33 ef 112.33 ij  118.67 C 
134.43 b  126.00 d-f 132.11bc  115.67 h-j 127.05 B 
142.70 a 127.67 c-e 143.00 a 116.33 hi  132.42 A 
147.07 a 129.00 b-d 143.67 a 121.00 f-h 135.18 A 
Means (Extract type)                 Fresh =119 A              Boiled = 117 B 
Means (Adjuvant addition)    Without adjuvant = 123 A    With adjuvant = 113 B 
LSD values (P ≤ 0.05): Treatments = 2.80; Extract type = 1.50; Adjuvant addition = 1.50; Treatment × Extract 
type × Adjuvant addition = 6.0; RWE= Rice water extract 
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4.3.7. Discussion  
Growth of maize seedlings was significantly increased by the application of rice 
water extract at lower concentrations (3, 5, and 10%). Fresh rice plant water extract at 3% 
concentration appeared to be the most effective in growth promotion as compared to the 
other treatments. Rice water extract contains numerous important substances like 
carbohydrates, vitamins, proteins, certain fatty acids, and micronutrients which are also bases 
of several other bioactive non-nutrient combinations, well-known as antioxidant and 
phenolics like p-coumaric acid (Olofsdotter et al., 1997), p-hydroxybenzoic acid (Wu et 
al.,1976), syringic acid (Fay and Duke, 1977), vanillic acid, cinnimic acid (Mandava, 1985), 
4-hydroxybenzoic acid, 4-hydroxyhydrocinnamic acid, (Fay and Duke, 1977), 3, 4-
hydroxyhydroxycinnamic acid (Frei and Becker, 2004), 4-hydroxyphenylacetic acid, o-
hydroxyl phenyl acetic acid, ferulic acid, propionic acid (Chou and Lin, 1976), acetic acid 
and butyric (Fay and Duke, 1977).  
Phenolic compounds, having broad variety of functional events predominantly by 
making modifications on root building and growth dynamics, which ultimately increase root 
size, root hairs, root branching and/or greater root hair density providing greater surface area 
(Pupponen-Pimia et al., 2001). Phenolic compounds also act as antioxidant agents and it 
might decrease harmful effects of ROS which ultimately promote plant growth at low 
concentrations (Rice-Evans et al., 1997). Rice water extract contains indole-3-acetic acid 
(IAA) which induces lateral roots to originate from mature, non-dividing pericycle cells 
within the parent root by increasing mitosis, cell division and cell elongation. IAA signals 
trigger groups of pericycle cells to re-enter the cell cycle and establish lateral root mitotic 
sites which ultimately enhance the seedling growth (Casimiro et al., 2001).  
Phenolic compounds like p-coumaric acid (Olofsdotter et al., 1997), p-hydroxy 
benzoic acid (Wu et al., 1976), syringic acid (Fay and Duke, 1977), vanillic acid suppress the 
production of enzyme such as indole acetic acid oxidase which interfere the production of 
indole acetic acid at low concentration. Cinnimic acid also prevents indole acidic acid from 
degradation at low concentration finally promote seedlings growth (Farooq et al., 2013). 
Fresh  rice water extract at low concentration (3%) increased shoot and root lengths, shoot 
and root fresh weights, shoot and root dry weights by 32.77, 26.62, 40.53, 30.24, 32.89, and 
32.37%, respectively as compared to the boiled extract without adjuvant (Tables 4.18-4.24).  
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Higher concentrations (50-100%) of the rice extract (fresh and boiled) suppressed the 
maize seedlings growth. At 100% rice extract concentration either fresh or boiled with and 
without adjuvant (Emulan) inhibitory effect was more noticeable. The growth inhibition at 
higher concentration of rice extracts may be due to the presence of more allelochemicals in 
rice extract. When rice fresh and boiled extracts applied at higher concentration, they 
suppressed the growth of plants by inhibiting cell division, cell enlargement and rate of 
mitosis. Phenolic compounds, at higher concentration, may inhibit the plant/crop growth due 
to the blockage or cessation of cell division, cell elongation, membrane permeability, 
hormonal activity, enzyme activation and protein synthesis.  
Efficacy of rice water extract either fresh or boiled did not improve by the addition of 
an adjuvant (Emulan) in growth enhancement rather it suppressed promotive potential of rice 
water extract even at low concentrations. Possibly, addition of adjuvant (Emulan) in fresh 
and boiled extracts might have interfered with the activity of potent allelochemicals which 
take part in growth improvement. It was observed that growth of maize seedlings was either 
equal or less in case of boiled extract application as compared with fresh extracts (3 and 5%). 
Some of the active compounds might have reduced their effectiveness, during boiling. 
Findings of this bioassay suggest that rice water extract can be used at 3% for improving 
growth of maize seedling. 
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4.4. Evaluating the Growth Promotery Potential of Fresh Plant Water 
Extracts on Maize 
4.4.1. Experimental detail is given in Chapter 3 
4.4.2. RESULTS  
Growth and yield parameters of maize were significantly affected by exogenous 
application of rice, sorghum, maize and moringa plant extracts alone and in combination. The 
results, along with statistical analysis and interpretation are presented below. 
4.4.3. Growth of maize 
4.4.3.1 Leaf area index  
Leaf area index (LAI) of maize was significantly improved by the application of 
allelopathic plant water extracts during both years of experimentation. LAI gradually 
increased by applying water extracts and reached a peak at 65 DAS, then declined. Maximum 
LAI was found with combined application of SWE (sorghum water extract) and MLE 
(moringa leaf extract) each at 3% followed by MLE alone at 3% in both years of study. While, 
minimum LAI was observed in control (Fig. 4.1).  
4.4.3.2. Leaf area duration (days) 
Leaf area duration (LAD) of maize was influenced positively by the application of 
plant water extracts during both years of study as compared to the control. Maximum LAD 
was observed with combined application of SWE and MLE each at 3% and followed by 
MLE at 3% during 2011 and 2012. While, minimum LAD was found in control (Fig. 4.2). 
4.4.3.3. Total dry matter accumulation (g m
-2
 day
-I
) 
All plant water extracts significantly improved the total dry matter accumulation 
(TDM) of maize at all intervals (35, 50, 65, 80 and 95 DAS) during 2011 and 2012 and a 
linear increase was observed in all the plant water extracts. Total dry matter accumulation 
was found to be highest at 95 DAS in all plant water extract applications as compared with 
control. Highest TDM was found in combined application of SWE and MLE each at 3% 
followed by MLE alone at 3%. Whereas, lowest total dry matter accumulation was revealed 
in control at all data recording intervals (Fig. 4.3).  
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4.4.3.4. Crop growth rate (g m
-2
 day
-I
)  
All plant water extracts produced higher crop growth rate at 50-65 DAS and its rate was slow 
and low at 80-95 DAS possibly due to advancement of crop towards maturity. Maximum 
CGR was revealed in combined application of SWE and MLE each at 3% followed by MLE 
alone at 3% and SWE and MWE combination each at 3%. While, minimum CGR was 
observed in control (Fig. 4.4). 
4.4.3.5. Net assimilation rate (g m
-2
 day
-1
) 
All the treatments significantly influenced the net assimilation rate (NAR) of maize 
(80-95 DAS). Among treatments combined application of SWE and MLE each at 3% gave 
highest net assimilation rate and it was followed by MLE at 3% during both the years of 
experimentation. Minimum NAR was observed in control (Fig. 4.5). 
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a) 
 
 
 
 
b) 
 
Fig. 4.1 (a) 2011 (b) 2012: Effect of different fresh plant water extracts alone or in 
combination on leaf area indices of maize at 30, 45, 60, 75 and 90 DAS (CK=control, 
WS= water spray, RWE= Rice water extract, SWE= Sorghum water extract, MWE= 
Maize water extract, MLE= Moringa leaf extract) ± SE 
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a) 
 
 
 
 
b) 
 
Fig. 4.2 (a) 2011 (b) 2012:  Effect of different fresh plant water extracts alone and in 
combination on seasonal leaf area duration of maize (LAD); (CK= control, WS= water 
spray, RWE= Rice water extract, SWE= Sorghum water extract, MWE= Maize water 
extract, MLE= Moringa leaf extract) ± SE 
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a) 
 
 
 
 
b) 
 
Fig. 4.3 (a) 2011 (b) 2012 Effect of different fresh plant water extracts alone and in 
combination on total dry matter (g m
-2
)
 
maize at 30, 45, 60, 75 and 90 DAS; (CK= 
control, WS= water spray, RWE= Rice water extract, SWE= Sorghum water extract, 
MWE= Maize water extract, MLE= Moringa leaf extract) ± SE 
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a)  
 
 
 
 
 
b) 
 
Fig. 4.4 (a) 2011 (b) 2012; Effect of different fresh  plant water extracts alone or in 
combination on crop growth rate of  maize at 30-50, 50-65, 65-80 and 80-95 DAS 
(CK=control, WS= water spray, RWE= Rice water extract, SWE= Sorghum water extract, 
MWE= Maize water extract, MLE= Moringa leaf extract) ± SE 
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a) 
 
 
 
 
b) 
 
Fig.4.5 (a) 2011 (b) 2012  Effect of different fresh plant water extracts alone and in 
combination on net assimilation rate  of maize; (CK=control, WS= water spray, RWE= 
Rice water extract, SWE= Sorghum water extract, MWE= Maize water extract, MLE= 
Moringa leaf extract) ± SE 
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4.4.4. Agronomic traits and yield components of maize 
4.4.4.1. Plant height (cm)  
  Plant height of maize was significantly affected by application of plant water extracts 
during both years of experimentation (Table 4.25). Application of plant water extracts and 
simple water improved the plant height during both years of study. Maximum plant height 
was observed from the combined application of 3% SWE and 3% MLE and it was followed 
by SWE and MWE (maize water extract) 3% applied in combination and 3% MLE alone 
during 2011 and 2012. Minimum plant height was observed in control and year effect was 
significant (Table 4.26). 
4.4.4.2. Grain rows per cob 
 All plant water extract treatments used in the study significantly influenced number of 
grain rows per cob during both the years of experimentation (Table 4.25). All plant water 
extracts application alone and in combination increased grain rows per cob as compared with 
control. The highest number of grain rows was noted from combined application of 3% SWE 
and 3% MLE followed by combined application of 3% RWE and 3% SWE and MLE alone 
grains per cob was found in control and year effect was found to be non-significant (Table 
4.27).  
4.4.4.3. Cobs per plant  
Number of cobs per plant was significantly influenced by the application of plant 
water extracts during 2011 and 2012 (Table 4.25). Application of plant water extracts and 
simple water improved cobs per plant during 2011 while, during 2012 water spray was found 
same as control and it did not improve the number of cobs per plant. Maximum number of 
cobs was produced from the combined application of SWE and MLE each at 3% during both 
the years and followed by 3% MLE alone and combined application of MWE and MLE each 
at 3% and both were statistically similar during 2011. While, MLE alone at 3% was 
statistically at par with combined application of SWE and MLE each at 3% during 2012 both 
treatments were statistically similar with each other. Whereas, minimum cobs per plant was 
noted in control during both years of study and year effect was significant (Table 4.27). 
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Table 4.26: Effect of various allelopathic plant water extracts on plant height (cm) 
of maize  
Treatment 
 Plant height(cm) 
Rate 2011 2012 
Control  157.85 h 152.94 h 
Water spray  161.73 g 156.29 g 
Rice water extract (RWE) 3% 162.30 fg 170.96 f 
Sorghum water extract (SWE) 3% 163.35 f 181.22 c 
Maize water extract (MWE) 3% 164.75 e 177.43 de 
Moringa leaf extract (MLE) 3% 169.88 bc 185.65 b 
RWE + SWE 3% each 168.63 c 181.42 c 
RWE + MWE 3% each 164.93 e 176.61 e 
RWE + MLE 3% each 166.98 d 182.29 c 
SWE + MWE 3% each 170.23 b 185.94 b 
SWE + MLE 3% each 174.85 a 196.30 a 
MWE + MLE 3% each 166.65 d 179.50 cd 
LSD p≤0.05  1.29 2.86 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least significant 
difference 
Table 4.25: Analysis of variance for influence of different allelopathic plant water 
extracts on plant height, grain rows per cob, cobs per plant, cob length 
and grain per cob of maize 
Source of 
Variance 
DF 
Mean square 
Plant Height Grain rows 
per cob 
   Cobs  
per plant 
  Cob 
length 
Grain  
Per cob 
Replication (R) 3 158.84 0.36 0.01 10.20 3210.17 
Year effect (Y) 1 3158.38* 2.06ns 0.31** 1.04ns 80853.45* 
Error I 3 167.00 0.35 0.00 15.59 3232.67 
Treatments (T) 11 529.62** 3.48** 0.07** 6.08** 13307.65** 
Y  x T 11 144.96ns 0.26ns 0.01ns 0.96ns 2567.50ns 
Error II 66 76.01 0.81 0.01 1.27 2043.46 
Total 95 174.45  1.04 0.02 2.52 4312.39 
* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = 
Non-significant P0.05 
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4.4.4.4. Cob length (cm) 
Cob length of maize was significantly influenced by all the treatments during both 
years of experimentation (Table 4.25). All plant water extract treatments and simple water 
spray improved the cob length as compared with the control. Maximum cob length was 
observed in plots where combined application of SWE and MLE each at 3% were sprayed 
followed by 3% MLE alone , 3% MWE and 3% MLE in combination and 3% SWE alone 
during both the year of experimentations. While, shortest cobs were noted in control where 
no plant extracts were sprayed and year effect was significant (Table 4.28). 
4.4.4.5. Grains per cob  
  All treatments where plant water extracts were applied produced significantly higher 
number of grains per cob during both the years of experimentation (Table 4.25). Maximum 
number of grains per cob was found with 3% MLE alone followed by the combined 
application of SWE and MLE each at 3% and both were statistically at par during both the 
years of study. Combined application of MWE and MLE each at 3% also improved the 
grains per cob during 2011 and 2012 which was statistically same with combined application 
of 3% SWE and 3% MWE in 2011 and with RWE and MLE combination each at 3% and 
also with 3% RWE and 3% MWE in combination during2012. While, minimum number of 
grains per cob was found in control during 2011 and 2012 (Table 4.28). 
4.4.4.6. Grains per row
 
All treatments significantly increased number of grains per row as compared with 
control (Table 4.29). Maximum number of grains per row was found with combined 
application of SWE and MLE at 3% followed by MLE alone at 3% and both were 
statistically at par with each other during both the years of experimentation. Combined 
application of MWE and MLE each at 3% was also statistically at par with MLE at 3% 
during both study years. While, minimum grains per row were observed in control and year 
effect was significant (Table 4.31). 
4.4.4.7. Grain-pith ratio 
All treatments significantly influenced grain pith-ratio as compared with control 
(Table 4.29). A significant increase in grain-pith ratio was recorded in plots where 
combination of SWE and MLE each at 3% was applied followed by 3% MLE alone and 3% 
MWE and 3% MLE in combination and both were statistically equal to each other during  
81 
 
 
 
 
Table 4.27: Effect of various allelopathic plant water extracts on grain rows per cob 
and number of cobs per plant
 
of maize 
Treatments Rate 
  Grain rows  
    per cob 
 Cobs per plant 
    * 2011 2012 
Control  12.62 i 1.12 f 1.00 f 
Water spray  12.77 i 1.25 e 1.00 f 
Rice water extract (RWE) 3% 13.14 h 1.25 e 1.10 e 
Sorghum water extract (SWE) 3% 13.91 ef 1.30 d 1.15 d 
Maize water extract (MWE) 3% 13.74 fg 1.25 e 1.20 c 
Moringa leaf extract (MLE) 3% 14.35 bc 1.40 b  1.35 a 
RWE + SWE 3% each 14.41 b 1.30 d 1.25 b 
RWE + MWE 3% each 13.66 g 1.25 e 1.15 d 
RWE + MLE 3% each 14.16 cd 1.25 e 1.23 bc 
SWE + MWE 3% each 14.09 de 1.35 c 1.20 c 
SWE + MLE 3% each 15.04 a 1.45 a 1.35 a 
MWE + MLE 3% each 13.88 f 1.38 b 1.25 b 
LSD p≤0.05  0.19 0.02 0.03 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference;  * Mean of two years as year effect was non-significant   
Table 4.28: Effect of various allelopathic plant water extracts on cob length (cm) and 
grains per cob of maize 
  Treatments Rate 
Cob length 
(cm) 
Grains per cob 
* 2011 2012 
Control  15.40 h 444.47 h 464.37 h 
Water spray  16.03 g 450.00 gh 504.87 g 
Rice water extract (RWE) 3% 16.67 f 458.46 fg 523.41 f 
Sorghum water extract (SWE) 3% 17.72 c 510.87 c 534.96 ef 
Maize water extract (MWE) 3% 17.52 d 466.67 ef 545.15 e 
Moringa leaf extract (MLE) 3% 18.11 b 565.25 a 616.27 a 
RWE + SWE 3% each 17.24 e 468.79 e 565.60 cd 
RWE + MWE 3% each 16.78 f 467.34 e 572.42 bcd 
RWE + MLE 3% each 17.06 e 485.15 d 561.00 d 
SWE + MWE 3% each 17.47 d 520.97 b 574.60 bc 
SWE + MLE 3% each 18.49 a 563.04 a 610.88 a 
MWE + MLE 3% each 17.76 c 559.67 b 583.63 b 
LSD p≤0.05  0.20 9.95 12.55 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least significant 
difference 
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Table 4.30: Effect of various allelopathic plant water extracts on grain-pith ratio 
and 1000-grain weight (g) of maize 
  Treatments  Rate 
Grain-pith 
ratio 
1000-Grain 
Weight (g) 
* * 
Control  2.75 g 257.44 h 
Water spray  3.06 e 264.76 g 
Rice water extract (RWE) 3% 3.64 c 273.11 f 
Sorghum water extract (SWE) 3% 3.61 d 279.93 d 
Maize water extract (MWE) 3% 3.60 d 276.55 e 
Moringa leaf extract (MLE) 3% 3.82 b 289.75 b 
RWE + SWE 3% each 3.60 d 277.53 de 
RWE + MWE 3% each 3.66 c 283.81 c 
RWE + MLE 3% each 3.71 c 289.44 b 
SWE + MWE 3% each 3.69 c 284.64 c 
SWE + MLE 3% each 3.87 a 290.78 b 
MWE + MLE 3% each 3.79 b 296.20 a 
LSD p≤0.05  0.04 2.47 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference;  * Mean of two years as year effect was non-significant 
Table 4.29: Analysis of variance for influence of different allelopathic plant water 
extracts on grain to pith ratio, 1000-grain weight, grains per row, grain 
yield, stover yield and harvest index of maize 
Source of 
Variance 
DF 
Mean square 
Grain-
pith 
ratio 
1000-grain 
weight 
Grains 
per row 
Grain 
yield 
Stover 
yield 
Harvest 
index 
Replication (R) 3 0.02 158.07 1.45 0.43 1.23 3.90 
Year effect (Y) 1 0.09ns 617.42ns 29.86** 0.11ns 3.85ns 35.42* 
Error I 3  0.07 186.87 0.75 0.29 1.35 3.03 
Treatments (T) 11 0.86** 1021.44** 16.79** 1.01** 7.80** 11.12** 
Y x T 11 0.07ns 102.13ns 1.67ns 0.05ns 0.36ns 1.34ns 
Error II 66 0.07 228.52 3.16 0.12 1.06 2.65 
Total 95 0.16 306.25 4.72 0.23 1.80 3.88 
* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = 
Non-significant at 5% probability level 
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both years of experimentation. While, minimum grain pith-ratio was observed in control and 
year effect was non-significant (Table 4.30). 
4.4.4.8. 1000-grain weight (g) 
Data regarding 1000-grain weight exposed that all plant water extract treatments 
significantly affected the 1000-grain weight during the study years (Table 4.29). All the 
treatments indicated increase in grain weight as compared to control. All water extracts alone 
and in combinations exhibited positive affect on 1000 grain weight. Heavier grains were 
recorded with combined application of MWE and MLE at 3% and it was followed by 
combined application of SWE and MLE at 3% which was statistically on par with 3% MLE 
alone and combined application of RWE (rice water extract) and MLE at 3% during both 
years. While, minimum 1000 grain weight was recorded in control and year effect was non-
significant (Table 4.30).  
4.4.4.9. Grain yield (t ha
-1
)
 
The data pertaining to grain yield indicate that all the plant water extract treatments 
showed significant results (Table 4.29). Combined application of SWE and MLE each at 3% 
promoted grain yield by 34.57% as compared with control and it was followed by combined 
application of MWE and MLE each at 3% giving 33.33% increase in maize grain yield and 
both were statistically at par during the study years. The increase in maize grain yield in case 
of MLE alone at 3% application was 32.10% more over control and it was statistically at par 
with combined application of MWE and MLE each at 3%. The lowest maize grain yield was 
recorded in control plots owing to no application of plant water extracts and year effect was 
non-significant (Table 4.32) 
4.4.4.10. Stover yield t ha
-1 
All plant water extract treatments significantly influenced stover yield of maize over 
control (Table 4.29). The highest stover yield was recorded in plots where combined SWE 
and MLE each at 3% were applied followed by 3% MLE alone during both the years of 
experimentation. While, minimum stover yield was noted in control and year effect was non-
significant (Table 4.33). 
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Table 4.31: Effect of various allelopathic plant water extracts on grains per row of 
maize 
Treatments Rate 
Grains per row 
2011 2012 
Control  35.16 g 35.53 i 
Water spray  35.66 g 37.06 h 
Rice water extract (RWE) 3% 36.94 e 37.91 g 
Sorghum water extract (SWE) 3% 38.25 d 39.10 de 
Maize water extract (MWE) 3% 39.00 bc 38.83 ef 
Moringa leaf extract (MLE) 3% 39.56 a 40.32 ab 
RWE + SWE 3% each 38.55 cd 39.30 d 
RWE + MWE 3% each 36.27 f 38.82 ef 
RWE + MLE 3% each 36.68 ef 39.43 cd 
SWE + MWE 3% each 36.39 f 38.53 f 
SWE + MLE 3% each 39.74 a 40.37 a 
MWE + MLE 3% each 39.50 ab 39.87 bc 
LSD p≤0.05  0.51 0.46 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least significant 
difference; * Mean of two years as year effect was significant 
Table 4.32: Effect of various allelopathic plant water extracts on grain yield (t ha
-1
) 
of maize 
  Treatments     Rate   
Grain yield (t ha
-1
) 
* Increase (%) 
Control  3.24 i (------) 
Water spray  3.40 h (4.94) 
Rice water extract (RWE) 3% 3.99 g (23.15) 
Sorghum water extract (SWE) 3% 4.09 f (26.23) 
Maize water extract (MWE) 3% 4.01 g (23.77) 
Moringa leaf extract (MLE) 3% 4.28 bc (32.10) 
RWE + SWE 3% each 4.20 de (29.63) 
RWE + MWE 3% each 4.24 cd (30.86) 
RWE + MLE 3% each 4.15 ef (28.09) 
SWE + MWE 3% each 4.20 de (29.63) 
SWE + MLE 3% each 4.36 a (34.57) 
MWE + MLE 3% each 4.32 ab (33.33) 
LSD p≤0.05  0.06  
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference; * Mean of two years as year effect was non-significant 
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4.4.4.11. Harvest index (%) 
The data concerning harvest index of maize showed significant improvement among 
different fresh plant water extract treatments (Table 4.29). The harvest index produced by 
combined application of fresh SWE and MLE each at 3% found to be maximum as compared 
to control followed by MLE at 3% alone during both the year of study followed by combined 
application of RWE and MWE at 3% which produced good harvest index and it was 
statistically same with MWE alone at 3% during 2011 and with combined application of 
MWE and unboiled MLE each at 3% and also with combined application of RWE and MWE 
each at 3% during 2012. Whereas, minimum harvest index was noted in control (Table 4.34) 
and year effect was significant (Table 4.29). 
4.4.4.12. Grain protein contents (%) 
All treatments significantly affected the protein content of maize grain as compared 
with control during both the years of study (Table 4.35). The highest protein content in maize 
grain was obtained with the combined application of SWE and MLE each at 3% and 
followed by sole application of 3% MLE during the both years of study. Combined 
application of MWE and MLE each at 3% was the next best treatment in grain protein 
content promotion. While, control resulted minimum grain protein content as compared with 
the rest of the treatments followed by water spray during 2011 and 2012 (Table 4.36). 
4.4.4.13. Grain starch contents (%) 
All plant water extracts significantly influenced the starch content of maize grain as 
compared with control during both the years of study (Table 4.35). The highest starch content 
in maize grain was obtained with the application of SWE and MLE each at 3% and followed 
by 3% MLE, and it was statistically at par with 3% MWE and 3% MLE combined 
application during both the year of experimentation. While, minimum starch contents in 
maize grain was observed in control followed by water spray. Among the combined 
application of plant extracts, SWE and MLE each at 3% performed better in improving starch 
content of maize grain. While, moringa leaf extract at 3% increase more grain starch contents 
among sole application of RWE, SWE and MWE each at 3% as compared with control 
(Table 4.36). 
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Table 4.33: Effect of various allelopathic plant water extracts on stover yield (t ha
-1
) 
of maize 
Treatments   Rate 
Stover yield (t ha
-1
) 
* 
Control  10.98 k 
Water spray  11.24 j 
Rice water extract (RWE) 3% 12.32 i 
Sorghum water extract (SWE) 3% 12.98 gh 
Maize water extract (MWE) 3% 13.17 ef 
Moringa leaf extract (MLE) 3% 13.99 b 
RWE + SWE 3% each 12.85 h 
RWE + MWE 3% each 13.09 fg 
RWE + MLE 3% each 13.29 de 
SWE + MWE 3% each 13.39 d 
SWE + MLE 3% each 14.18 a 
MWE + MLE 3% each 13.68 c 
LSD p≤0.05  0.17 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference; * Mean of two years as year effect was non-significant 
Table 4.34: Effect of various allelopathic plant water extracts on harvest index (%) 
maize 
Treatments 
 
 
Rate 
      Harvest index    
            (%)    
2011 2012 
Control  29.45 f 29.93 h 
Water spray  29.57 f 30.48 g 
Rice water extract (RWE) 3% 30.15 de 30.94 f 
Sorghum water extract (SWE) 3% 30.70 c 32.30 c 
Maize water extract (MWE) 3% 30.49 c 30.56 fg 
Moringa leaf extract (MLE) 3% 32.25 b 32.99 b 
RWE + SWE 3% each 30.30 de 31.74 de 
RWE + MWE 3% each 30.00 e 33.10 b 
RWE + MLE 3% each 30.72 c 32.07 cd 
SWE + MWE 3% each 30.42 cd 31.48 e 
SWE + MLE 3% each 32.62 a 34.93 a 
MWE + MLE 3% each 32.08 b 33.23 b 
LSD p≤0.05  0.36 0.43 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least significant difference; * 
Mean of two years as year effect was non-significant 
87 
 
 
 
 
 
Table 4.35: Analysis of variance for influence of different allelopathic plant water 
extracts on protein, starch and oil contents in maize 
Source of  
Variance 
DF 
Mean square 
Protein 
contents (%) 
Starch contents 
(%) 
Oil contents 
 (%) 
Replication (R) 3 0.03 6.16 0.005 
year (Y) 1 0.19ns 4.36ns 0.007ns 
Error I 3 0.11 1.06 0.002 
Treatment (T) 11 3.90** 109.86** 0.399** 
Y x T 11 0.04ns 3.59ns 0.006ns 
Error II 66 0.03 2.41 0.002 
Total 95 0.49 15.09 0.049 
* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = Non-significant at 
5% probability level 
Table 4.36: Effect of various allelopathic plant water extracts on protein, starch and 
oil contents (%) of maize 
 
Treatments  
 
Rate 
Protein 
contents 
(%) 
Starch 
contents 
(%) 
Oil contents 
(%) 
 
* * * 
Control  6.05 j 60.64 h 3.90 g 
Water spray  6.10 i 61.03 g 3.99 f 
Rice water extract (RWE) 3% 6.44 h 64.10 f 4.41 e 
Sorghum water extract (SWE) 3% 6.53 g 66.10 d 4.46 d 
Maize water extract (MWE) 3% 7.34 e 65.54 e 4.46 d 
Moringa leaf extract (MLE) 3% 7.90 b 69.91 b 4.75 ab 
RWE + SWE 3% each 6.37 f 65.80 de 4.49 cd 
RWE + MWE 3% each 6.76 f 68.52 c 4.53 bc 
RWE + MLE 3% each 7.34 e 65.87 de 4.52 bc 
SWE + MWE 3% each 7.39 d 68.70 c 4.50 cd 
SWE + MLE 3% each 8.21 a 73.33 a 4.55 b  
MWE+MLE 3% each 7.60 c 69.95 b      4.60 a 
LSD p≤0.05  0.04 0.05 0.05 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least significant 
difference; * Mean of two years as year effect was non-significant 
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4.4.4.14. Grain oil content (%) 
The oil content of maize grain was significantly influenced by all plant water extracts 
application as compared to control during both the years of study (Table 4.35). The highest 
oil content was obtained in plots where MWE and MLE each at 3% were applied in 
combination and it was followed by MLE at 3% alone and was statistically at par with 
combined application of MWE and MLE each at 3%. Combined application of SWE and 
MLE at 3% was also statistically at par with MLE alone at 3%. Whereas, minimum grain oil 
content was observed in control and year effect was non-significant (Table 4.36). 
4.4.4.15. Photosynthetic pigments 
4.4.4.15.1. Chlorophyll-a 
Different treatments receiving plant water extract significantly influenced 
chlorophyll-a content in maize All plant water extracts increased the chlorophyll-a content 
except control and water spray (Table 4.37). Maximum chlorophyll-a content increase was 
observed with combined application of SWE and MLE each at 3% followed by 3% MLE 
alone. While, minimum chlorophyll-a content was noted in control and year effect was non-
significant (Table 4.38). 
4.4.4.15.2. Chlorophyll-b 
All plant water extract treatments significantly affected chlorophyll-b content in 
maize (Table 4.37). Maximum chlorophyll-b content increase was found where combined 
application of SWE and MLE each at 3% was applied followed by MLE at 3%. Whereas, 
minimum chlorophyll-b content was observed in control and year effect was non- significant 
(Table 4.38). 
4.4.4.15.3. Total Chlorophyll 
All plant water extract treatments significantly improved total chlorophyll contents in 
maize as compared to control (Table 4.37). However, maximum total chlorophyll contents 
were noted in combined application of SWE and MLE each at 3% followed by 3% MLE 
alone. Whereas, minimum total chlorophyll contents was observed in control and year effect 
was non-significant (Table 4.38). 
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Table 4.37: Analysis of variance for influence of different allelopathic plant water 
extracts on chlorophyll pigments of maize 
Source of Variance  
DF 
Mean square 
Chlorophyll-a Chlorophyll-b Total Chlorophyll 
Replication (R) 3 0.24 0.14 0.63 
year (Y) 1     0.11ns    0.03ns     0.02ns 
Error I 3 0.16 0.19 0.57 
Treatment (T) 11   0.24*   0.26*      0.88** 
Y x T 11 0.11 0.03 0.13 
Error II 65    0.10ns     0.13ns     0.23ns 
Total 95 0.12 0.14 0.32 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference;* Mean of two years as year effect was non-significant 
Table 4.38: Effect of various allelopathic plant water extracts on chlorophyll 
contents of maize 
  Treatments 
                                    Chlorophyll contents 
Rate 
* * * 
Chl a Chl b Chl a+b 
Control  1.91 i 0.75 f 2.66 j 
Water spray  2.00 h 0.94 e 2.93 i 
Rice water extract (RWE) 3% 2.11 g 0.90 e 3.01 h 
Sorghum water extract (SWE) 3% 2.33c 0.96 e 3.29 g 
Maize water extract (MWE) 3% 2.14 fg 1.17 d 3.31 fg  
Moringa leaf extract (MLE) 3% 2.47 b 1.26 b 3.73 b 
RWE + SWE 3% each 2.23 de 1.17 d 3.40 de  
RWE + MWE 3% each 2.24 d 1.22 bcd 3.46 cd 
RWE + MLE 3% each 2.24 d 1.17 d 3.42 cde 
SWE + MWE 3% each 2.23 d 1.25 bc 3.48 c 
SWE + MLE 3% each 2.52 a 1.35 a 3.87 a 
MWE + MLE 3% each 2.18 ef 1.20 cd 3.38 ef 
LSD p≤0.05  0.05 0.06 0.08 
*Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference 
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4.4.4.16. Economic and Marginal Analyses 
Economic and marginal analyses were performed to compare the net and marginal 
returns and dominance of individual treatments. In present study all treatments gave higher 
net returns as compared with control (Table 4.39 and 4.40) during both the years of study. 
Among allelopathic water extract application SWE and MLE combination gave maximum 
economical returns (Rs. 169452 ha
-1
 and 174295 ha
-1
) during both years and it was followed 
by MLE alone during 2011 (Rs. 168198 ha
-1
)
 
and combined application of MWE and MLE 
during 2012 with net returns of Rs. 172240 ha
-1
. While, minimum net benefit was obtained 
from control with net benefits Rs. 126548 ha
-1
 and Rs. 131990 ha
-1
 during study years, 
respectively.  
In case of marginal analysis (Table 4.41 & 4.42), application of SWE alone and 
combined application of RWE and MWE had maximum MRR (220719 and 302150%) 
during 2011 and 2012, respectively. However, combined application of rice and sorghum 
water extracts and combination of sorghum and moringa extracts also had good MRR but 
benefits were less due to high cost as compared to sorghum water extract alone and rice and 
sorghum water extracts combinations, during 2011 and 2012, respectively. However, rest of 
treatments was dominated due to less benefit and higher cost that vary and these were 
uneconomical treatments at prevailing plant water extract prices. So, either sorghum water 
extract alone or rice and maize water extracts combination may be the choice to get better 
economic returns. 
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Table 4.39 Economic analysis for year 2011  
CK= Control, WS = Water application, 2 spray (30 and 50 DAS), RWE = 3% Rice water extract, 2 sprays (30 and 50 DAS), SWE = 3% Sorghum water extract, 2 spray (30 and 50 DAS), MWE = 
3% Maize water extract , 2 spray (30 and 50 DAS), MLE = 3% Moringa leaf extract , 2 spray (30 and 50 DAS), RWE+SWE =  Rice water extract + sorghum water extract at 3%, 2 spray (30 and 
50 DAS), RWE+MWE =  Rice water extract + Maize water extract at 3%, 2 spray (30 and 50 DAS),  RWE+MLE=Rice water extract +  Moringa leaf extract at 3%, 2 spray (30 and 50 DAS), 
RWE+MLE= Rice water extract + Moringa leaf extract at 3%, 2 spray (30 and 50 DAS), SWE+MWE= Sorghum water extract +  Maize water extract at 3%, 2 spray (30 and 50 DAS), 
SWE+MLE= Sorghum water extract + Moringa leaf extract at 3%, 2 spray (30 and 50 DAS), MWE+MLE= Maize water extract + Moringa leaf extract 3%, 2 spray (30 and 50 DAS) 
 
 
 CK WS RWE SWE MWE MLE RWE+SWE RWE+MWE RWE+MLE SWE+MWE SWE+MLE   MWE+MLE Remarks 
Grain yield 3.17 3.23 4.08 4.17 4.07 4.25 4.16 4.22 4.09 4.14 4.28 4.24 t ha-1 
Adjusted yield 2.85 2.91 3.67 3.75 3.66 3.83 3.74 3.80 3.68 3.73 3.85 3.82 
10% less 
To bring at farmer level 
Income Rs. ha-1 106988 109013 137700 140738 137363 143438 140400 142425 138038 139725 144450 143100 Rs. 37500 /t 
Straw Yield 10.87 11.19 12.56 13.05 13.42 14.23 13.55 13.23 13.42 13.76 14.24 14.01 t ha-1 
Adjusted Yield 9.78 10.07 11.30 11.75 12.08 12.81 12.20 11.91 12.08 12.38 12.82 12.61 
10% less 
To bring at farmer level 
Income Rs. ha-1 19560 20140 22600 23500 24160 25620 24400 23820 24160 24760 25640 25220 Rs. 2000/ t 
Gross Income 126548 129153 160300 164238 161523 169058 164800 166245 162198 164485 170090 168320 Rs. ha-1 
Cost of fresh SWE 0 0 0 16 0 0 8 0 0 8 8  
Rs. 8/hac SWE 
preparation charges 
Cost of fresh MWE 0 0 0 0 16 0 0 8 0 8 0 8 
Rs. 8/hac  MWE 
preparation charges 
Cost of fresh RWE 0 0 20 0 0 0 10 10 10 0 0 0 
Rs. 10/hac RWE 
preparation charges 
Cost of fresh 
MLE 
0 0 0 0 0 460 0 0 230 0 230 230 
Rs. 230/hac  MLE 
preparation charges 
Spray application 
cost 
0 300 300 300 300 300 300 300 300 300 300 300 150 Rs. /man/day/ha 
Sprayer rent 0 100 100 100 100 100 100 100 100 100 100 100 Rs. 50/spray 
Cost that vary 0 400 420 416 416 860 418 418 640 416 638 638 Rs. ha-1 
Net benefit 126548 128753 159880 163822 161107 168198 164382 165827 161558 164069 169452 167682 Rs. ha-1 
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Table 4.40: Economic analysis year 2012  
 CK WS RWE SWE MWE MLE RWE+SWE RWE+MWE RWE+MLE SWE+MWE SWE+MLE MWE+MLE Remarks 
Grain yield 3.32 3.57 3.90 4.01 3.95 4.32 4.23 4.27 4.21 4.26 4.43 4.41 t ha-1 
Adjusted yield 2.988 3.213 3.51 3.609 3.555 3.888 3.807 3.843 3.789 3.834 3.987 3.969 
10% less  
To bring at farmer 
level 
Income Rs. ha-1 112050 120488 131625 135338 133313 145800 142763 144113 142088 143775 149513 148838 Rs. 37500 /t 
Straw Yield 11.08 11.29 12.07 12.91 12.91 13.74 12.14 12.94 13.15 13.03 14.12 13.35 t ha-1 
Adjusted Yield 9.97 10.16 10.86 11.62 11.62 12.37 10.93 11.65 11.84 11.73 12.71 12.02 
10% less  
To bring at farmer 
level 
Income Rs. ha-1 19940 20320 21720 23240 23240 24740 21860 23300 23680 23460 25420 24040 Rs. 2000/ t 
Gross Income 131990 140808 153345 158578 156553 170540 164623 167413 165768 167235 174933 172878 Rs. ha-1 
Cost of fresh SWE 0 0 0 16 0 0 8 0 0 8 8  Rs. 8/ha SWE  
Cost of fresh MWE 0 0 0 0 16 0 0 8 0 8 0 8 Rs. 8/ha  MWE  
Cost of fresh RWE 0 0 20 0 0 0 10 10 10 0 0 0 Rs. 10/ha RWE  
Cost of fresh 
MLE 
0 0 0 0 0 460 0 0 230 0 230 230 
Rs. 230/ha MLE  
Spray application 
cost 
0 300 300 300 300 300 300 300 300 300 300 300 
150 Rs. /man/day/ha 
Sprayer rent 0 100 100 100 100 100 100 100 100 100 100 100 Rs. 50/spray 
Cost that vary 0 400 420 416 416 860 418 418 640 416 638 638 Rs. ha-1 
Net benefit 131990 140408 152925 158162 156137 169680 164205 166995 165128 166819 174295 172240 Rs. ha-1 
CK =Control, WS = Water application, 2 spray (30 and 50 DAS), RWE = 3% Rice water extract, 2 sprays (30 and 50 DAS), SWE = 3% Sorghum water extract, 2 spray (30 and 50 DAS), 
MWE = 3% Maize water extract , 2 spray (30 and 50 DAS), MLE = 3% Moringa leaf extract , 2 spray (30 and 50 DAS), RWE+SWE = 3% Rice water extract +3%  sorghum water extract, 2 
spray (30 and 50 DAS), RWE+MWE = 3% Rice water extract + 3% Maize water extract, 2 spray (30 and 50 DAS),   RWE+MLE=3% Rice water extract + 3% Moringa leaf extract, 2 spray 
(30 and 50 DAS), RWE+MLE= 3% Rice water extract + 3% Moringa leaf extract, 2 spray (30 and 50 DAS), SWE+MWE= 3% Sorghum water extract + 3% Maize water extract, 2 spray (30 
and 50 DAS),  SWE+MLE= 3% Sorghum water extract + 3% Moringa leaf extract, 2 spray (30 and 50 DAS), MWE+MLE= 3% Maize water extract + 3%  Moringa leaf extract, 2 spray (30 
and 50 DAS)  
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Table 4.41: Marginal analysis for year 2011  
Treatments 
Cost that 
vary (Rs.) 
Net profit 
(Rs.) 
Marginal 
cost 
Marginal 
net benefits 
Marginal 
rate of 
returns 
(%) 
CK 0 126548    
WS 400 128753 400 2205 552 
SWE 416 163822 16 35315 220719 
MWE 416 161105 - - D 
SWE+MWE  416 164068 - - D 
RWE+SWE 418 165827 2 1759 87950 
RWE+MWE 418 164382 - - D 
RWE 420 159880 - - D 
SWE+MLE 638 169452 218 3625 1663 
MWE+MLE 638 167831 - - D 
RWE+MLE 640 161558 - - D 
MLE 860 168198 - - D 
Cost that vary= It is the sum of the costs (both costs and opportunity costs) that vary for a particular treatment; Marginal 
costs= The increase in net benefit which can be obtained by changing from one production alternative to another; 
Marginal benefits = The increase in variable cost which occurs in changing from one production alternative to another 
Marginal benefits 
Marginal rate of return =  --------------------- ×100 = (%) 
     Marginal costs       
D = Dominated treatment = Treatment which has higher costs but lower net benefits; Rs. = Rupees; WE=water 
extracts 
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Table 4.42: Marginal analysis for year 2012 
Cost that vary= It is the sum of the costs (both costs and opportunity costs) that vary for a particular treatment; 
Marginal costs= The increase in net benefit which can be obtained by changing from one production alternative to 
another; Marginal benefits = The increase in variable cost which occurs in changing from one production alternative 
to another 
Marginal benefits 
Marginal rate of return =  --------------------- X 100 =   (%) 
     Marginal costs       
D = Dominated treatment = Treatment which has higher costs but lower net benefits; Rs. = Rupees 
  
Treatments Cost that 
vary (Rs.) 
Net profit 
(Rs.) 
Marginal 
cost 
Marginal net 
benefits 
Marginal rate 
of returns (%) 
CK 0 131990 - - - 
WS 400 140408 400 8418 2105 
SWE  416 158162 16 17754 110963 
MWE 416 156137 - - D 
SWE+MWE  416 166819 - - D 
RWE+SWE  418 164205 2 6043 302150 
RWE+MWE 418 166819 - - D 
RWE 420 152925 - - D 
SWE+MLE 638 174295 220 10090 4586 
MWE+MLE 638 172240 - - D 
RWE+MLE 640 165128 - - D 
MLE 860 169680 - - D 
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4.4.4.17. Discussion 
Allelopathic plant water extracts improved the growth, morphology, chlorophyll 
contents, yield related traits and quality of hybrid maize. This improvement in maize growth 
and yield may be due to presence of several allelochemicals present in the aqueous plant water 
extracts which may  positively influences the maize crop performance by improving the growth 
cascades through improvement in water absorption, turgor pressure, nutrient uptake, 
photosynthetic activity and respiratory mechanism (Einhelling et al., 1985; Gerald et al., 
1992). The allelochemicals found in plant water extracts can promote the growth of same or 
different plants when applied in lower doses as these are inexpensive, safe, effective and 
environment friendly source of plant growth regulators (Oudhia et al., 1988; El Atta and 
Basher, 1999; Farooq et al., 2009).  
All the growth parameters including leaf area index (LAI), leaf area duration (LAD), 
crop growth rate (CGR), and net assimilation rate (NAR) were significantly improved by the 
exogenous application of plant water extracts alone and also in combination in maize (Fig. 4.1- 
4.5). Among all plant water extracts, maximum leaf area index (LAI), leaf area duration 
(LAD), crop growth rate (CGR), and net assimilation rate (NAR) was promoted by combined 
application of SWE and MLE followed by MLE alone. The mechanism behind this increase 
might be due to  promotery effect of sorghum and moringa plant extracts at low 
concentration and this may be due to the presence of phenolic compounds like benzoic acid 
(Cheema, 1988), p-hydroxybenozoic acid (Guenzi and McCalla, 1966), vanillic acid 
(Mandava, 1985), m-coumaric acid, o- coumeric acid, o-hydrocoumaric acid, cinimic acid, p-
coumeric acid (Cheema, 1988), dihydro-p-coumaric acid (Guenzi and McCalla, 1966), gallic 
acid, caffeic acid (Chou and Lin, 1976), ferulic acid (Guenzi and McCalla, 1966), 
chlorogenic acid, iso cholorogenic  acid (Cheema, 1988),  hydroquinone (Schereiner and 
Reed, 1908) and indole-3-acetic acid (Casimiro et al., 2001) in sorghum and plant phenolic 
(Barclay et al., 1990; Fauconneau et al., 1997), PGR hormone, zeatin, ascorbic acid, amino 
acids , Ca and K (Fuglie, 1999; Foidle et al., 2001) in moringa, which may be involved in 
modification of crop growth by enhancing or stimulating the cell division and cell elongation 
(Campbell et al., 1999) and increase root size, increase in number of root hairs and/or greater 
density of root hair with larger surface area and ultimately enhance or promote the plant 
growth (Pupponen-Pimia et al., 2001) by increasing leaf area index (LAI), leaf area duration 
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(LAD), crop growth rate (CGR), and net assimilation rate (NAR). Generally, when higher 
concentrations of phenolic compounds may  be present they exhibit inhibitory effect while at 
low concentrations they promote or enhance the growth of the plants (Gramig et al., 2006) 
as observed in case of all these growth parameters. 
Plant height, grain rows per cob, number of cobs per plants, cob length, number of 
grains per cob,  grain- pith ratio, 1000-grain weight, grains per row, grain yield, stover yield 
and harvest index significantly promoted by all the plant water extracts (Table 4.25-4.34). All 
of these parameters were found to be improved with combined application of sorghum plant 
water extracts and moringa leaf extract followed by moringa leaf extract as compared to 
control. Phenolic compounds and other growth promoting substances like Indole acidic acid 
and cytokinins present in plant water extracts at low concentration might be involved in this 
promotion activity and it has been reported that they act like plant hormones, although the 
real mechanism is not yet understood well (Khanh et al., 2007). Indole-3-acetic acid 
(Auxin), the first plant hormone discovered, is one of the best vital morphogenic compounds 
that figure the full plant body. Plant water extract having natural auxin (IAA) when 
exogenously applied on other plants might be triggered the endogenously production of 
several important enzymes in crops and might be rapidly transported to the roots via the 
phloem. Lateral roots initiate to develop from established, non-dividing pericycle cells within 
the parent root. IAA triggers the growth apical meristem of the shoot, initiate to develop 
lateral roots, rapid transportation occurs in phloem which activates clusters of pericycle cells 
to re-enter the cell cycle and establish lateral root mitotic sites (Casimiro et al., 2001). So, 
IAA, phenolic compounds present in plant extracts makes changes in rhizosphere, modify 
root architecture and root growth promotion, absorption of water and nutrients, and 
interaction with beneficial soil microbes which ultimately improve the ability of roots to 
uptake the water and nutrients more efficiently from soil and it might have triggered the plant 
height and other growth endeavors (Majeed et al., 2012). In addition to that, allelochemicals 
also regulates the cell division (Rice, 1984). Improvement of grain rows per cob, number of 
cobs per plants, cob length, number of grains per cob, grain-pith ratio, grains per row due to 
application of allelopathic water extracts might be due to better cell division which resulted 
in improvement in all these parameters as allelopathic plant extracts affect the cell division 
positively (Rice, 1984).  
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Grain weight, grain yield, biological yield and harvest index of maize was also 
significantly improved by exogenously application of plant water extract which may be due 
to higher 1000-grain weight, grain rows per cob and more number of grains per row. In 
addition to that, better performance of yield related traits may be due to plant extract 
application resulted in better grain yield. Likewise, all allelopathic water extracts improved 
the grain yield and maximum grain yield was recorded where combined application of 
sorghum and moringa water extract was applied at 30 and 50 DAS. Sorghum and moringa 
plant water extract in combination found to be better in all these attributes as compared to 
control. This increased yield in maize may be attributed due to phenolics present in plant 
water extracts in low concentration and these are generally considered responsible for better 
photosynthesis due to delay expression of senescence related genes (Lim et al., 2007). 
Phenolic compounds might also be involved in improving protein, starch and oil contents in 
maize grain and found to be maximum where sorghum and moringa plant water extracts 
applied in combination as phenolic compound might be involved in activating various 
important enzymes like glucokinase, phosphoglucose, isomerase, PPi-dependent 
phosphofructokinase and pyruvate kinase, which contributed in vital processes like 
glycolysis, tricarboxylic acid cycle (TCA) and respiration, depending on concentration of 
plant water extracts and crop type (Nardi et al., 2007). Maximum 1000-grain weight, grain 
yield, biological yield and harvest index was observed in combined application of sorghum 
and moringa plant water extract as compared to the control. 
Allelopathic plant water extracts positively influenced the chlorophyll a, b and total 
chlorophyll contents. Exogenously applied plant extracts positively influenced the stay green 
character of maize crop (Nawaz et al., 2013). Maximum chlorophyll a, b and total 
chlorophyll was found with combined application of plant water extracts of sorghum and 
moringa each at 3% and it may be due to better stay green character of plants. These plants 
remain stay green possesses more chlorophyll than the plants that do not remain stay green 
(Nawaz et al., 2013). Application of allelopathic water extracts improved the chlorophyll 
contents when applied exogenously. As plant water extracts have allelochemicals which may 
activate antioxidant defense system in plants (Bogatek and Gniazdowska, 2007)  
Phenolics are also considered as cell ultra-structure modifiers and inhibitors of cell 
division and elongation (Li et al., 2010). Plant water extracts when exogenously applied at 
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low concentration they also improve the chlorophyll a, b and total chlorophyll contents and 
ultimately improve photosynthesis and respiration rate by improving oxygen absorption 
capacity of plants and stabilizing chlorophyll contents. Many other phenomenon’s like 
conductance of stomata, CO2 concentration and leaf transpiration are also affected positively 
by phenolic compounds if they are present in low concentration (Yu et al., 2003).  
Economic analysis revealed that fresh SWE and MLE combination each at 3% 
provided net benefits of Rs. 169452 ha
-1
 and 174295 ha
-1
 during both years of study 
respectively followed by MLE alone during 2011 (Rs. 168198 ha
-1
)
 
and combined application 
of MWE and MLE during 2012 with net returns of Rs. 172240 ha
-1
. Rest of the plant water 
extracts treatments had less net returns as compared to control. Fresh SWE alone and fresh 
RWE and MWE combination gave maximum marginal rate of returns, 220719 and 302150% 
during 2011 and 2012, respectively. Rest of treatments was dominated due to less benefit and 
higher cost that vary, so these were uneconomical treatments at prevailing plant water extract 
prices. 
From the above discussion, it can be inferred that combined application of fresh SWE 
and MLE performed better as growth enhancer and their allelopathic potential have the 
ability to be used as natural growth promoter as it showed relatively good growth, yield and 
ultimately higher economic returns. 
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4.5. Evaluating the Growth Promotery Effect of Boiled Plant Water 
Extracts on Maize 
4.5.1.  Experimental detail is given in Chapter 3 
4.5.2. Results  
Sorghum, maize, rice and moringa plant extracts exogenously applied on maize to 
evaluate their growth promotery potential and it was revealed that growth and yield 
parameters were significantly affected when applied alone and also in combination with each 
other. The results, along with statistical analysis and interpretation are discussed below. 
4.5.3. Growth of maize 
4.5.3.1. Leaf area index  
The leaf area of maize was recorded at 35, 50, 65, 80 and 95 DAS (days after sowing) 
and leaf area index (LAI) was calculated for each data during both years of experimentation. 
It was revealed from the results that leaf area index (LAI) of maize was significantly affected 
by most of the treatments during both years of experimentation. It reached a peak at 65 DAS 
then declined. Combined application of boiled SWE (sorghum water extract) and MWE (maize 
water extract) at 3% each appeared to be most effective to enhance LAI and followed by 3% 
MLE (unboiled) alone in both years of study. While, minimum LAI was observed in control 
(Fig. 4.6). 
4.5.3.2. Leaf area duration (days) 
Leaf area duration (LAD) of maize was influenced positively by most of the 
treatments during both years of study as compared to the control. Maximum LAD was 
observed with combined application of boiled SWE and MWE each at 3% followed by MLE 
(unboiled) at 3 % during the period of study. While, minimum LAD was found in control 
during both the years of experimentation (Fig. 4.7). 
4.5.3.3. Total dry matter accumulation (g m
-2 
day
-I
) 
All the treatments significantly influenced the dry matter accumulation (TDM) of 
maize at all intervals (35, 50, 65, 80 and 95 DAS) during both years of experimentation but a 
linear increase was found in all the treatments (Fig. 4.8). Higher dry matter accumulation was 
observed in all plant water extract treatments at 95 DAS as compared with control. 
Combined application of 3% SWE and 3% MWE was most effective in improving dry matter 
100 
 
accumulation which was followed by MLE (unboiled) at 3%. Whereas, lowest dry matter 
accumulation was observed in the control at all data recording intervals (Fig 4.8). 
4.5.3.4. Crop growth rate (g m
-2
 day
-I
) 
All plant water extracts significantly improved the crop growth rate of maize at all 
intervals (35-50, 50-65, 65-80 and 80-95 DAS). The crop growth rate was slow and low at 
80-95 DAS possibly due to advancement of crop towards maturity. All treatments exhibited 
higher crop growth rate at 50-65 DAS and CGR in case of combined application of SWE and 
MWE each at 3% was highest among all treatments followed by MLE each at 3%. While, 
minimum CGR was observed in control (Fig 4.9). 
4.5.3.5. Maize net assimilation rate (g m
-2
 day
-1
) 
All plant water extracts influenced the net assimilation rate of maize and among 
treatments combined application of SWE and MWE each at 3% gave highest net assimilation 
rate and it was followed by MLE at 3% during both year of experimentation.  While, 
minimum NAR was observed in control (Fig 4.10). 
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a) 
 
 
 
 
b) 
 
Fig. 4.6: (a) 2011 (b) 2012; Effect of different boiled plant water extracts alone and in 
combination on leaf area indices of maize at 30, 45, 60, 75 and 90 DAS; (CK=control, 
WS= water spray, RWE= Rice water extract, SWE= Sorghum water extract, MWE= 
Maize water extract, MLE= Moringa leaf extract); †=Moringa leaf extract not boiled ; ± 
SE 
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a) 
 
 
 
 
 
b) 
 
Fig. 4.7: (a) 2011 (b) 2012; Effect of different boiled plant water extracts alone and in 
combination on seasonal LAD of maize at 30, 45, 60, 75 and 90 DAS (CK=control, WS= 
water spray, RWE= Rice water extract, SWE= Sorghum water extract, MWE= Maize 
water extract, MLE= Moringa leaf extract); †=Moringa leaf extract not boiled ; ± SE 
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a) 
 
 
 
 
b) 
 
Fig. 4.8: (a) 2011 (b) 2012 Effect of different boiled plant water extracts alone and in 
combination  on TDM maize at 30, 45, 60, 75 and 90 DAS; (CK=control, WS= water 
spray, RWE= Rice water extract, SWE= Sorghum water extract, MWE= Maize water 
extract, MLE= Moringa leaf extract); †=Moringa leaf extract not boiled ; ± SE 
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a) 
 
 
 
 
b) 
 
Fig. 4.9: (a) 2011 (b) 2012;  Effect of different plant water extracts alone and in 
combination  on crop growth rate of  maize at 30-50, 50-65, 65-80 and 80-95 DAS; 
(CK=control, WS= water spray, RWE= Rice water extract, SWE= Sorghum water extract, 
MWE= Maize water extract, MLE= Moringa leaf extract); †=Moringa leaf extract not 
boiled ; ± SE 
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a) 
 
 
 
b) 
 
Fig. 4.10: (a) 2011 (b) 2012 Effect of different boiled plant water extracts alone and in 
combination on NAR of maize at 30, 45, 60, 75 and 90 DAS; (CK=control, WS= water 
spray, RWE= Rice water extract, SWE= Sorghum water extract, MWE= Maize water 
extract, MLE= Moringa leaf extract); †=Moringa leaf extract not boiled ; ± SE 
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4.5.4. Agronomic traits and yield components of maize 
4.5.4.1. Plant height (cm)  
  Plant height of maize was significantly promoted by application of plant water 
extracts during both years of experimentation and (Table 4.43). Maximum plant height was 
observed from the combined application of boiled SWE and MWE each at 3% followed by 
3% MLE (unboiled) during both year of experimentation. Whereas, minimum plant height 
was observed in control (Table 4.44) and year effect was significant (Table 4.43). 
4.5.4.2. Grain rows per cob 
All boiled plant water extracts significantly improved the grain rows per cob (Table 
4.43). The highest grain rows per cob was found from combined application of 3% SWE and 
3% MWE followed by 3% MLE (unboiled) alone during both the year of experimentation. 
While, minimum grain rows per cob were found in control which was statistically similar 
during both years (Table 4.45) and year effect was non-significant (Table 4.43). 
4.5.4.3. Cobs per plant 
Data regarding number of cob per plant showed that all plant water extracts 
significantly affected number of cobs per plant during both years of study (Table 4.43) 
Maximum number of cobs was found from the combined application of boiled SWE and 
MWE each at 3% followed by 3% MLE (unboiled) and 3% boiled SWE alone during both 
the year of experimentation. Whereas, unboiled MLE at 3% and boiled SWE at 3% alone 
were statistically at par during the study year 2011 and minimum number of cobs was 
determined in control (Table 4.45) and year effect was significant (Table 4.43). 
4.5.4.4. Cob length (cm) 
Cob length of maize was significantly affected by all the treatments during both years 
of experimentation (Table 4.43). Among the plant water extracts used, combined application 
of SWE and MLE each at 3% produced longer cobs followed by MLE alone combined SWE 
and MLE, combined MWE and MLE and MWE alone each at 3% which were statistically 
similar with each other during the year of studies. While, minimum cob lengths were 
observed in control (Table 4.46) and year effect was non-significant (Table 4.43). 
4.5.4.5. Grains per cob  
Data regarding number of grains per cob depicted that all the plant water extract 
treatments produced significantly higher number of grains per cob (Table 4.43). 
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Table 4.43: Analysis of variance for influence of different boiled allelopathic plant water 
extracts on plant height, plant grain rows per cob, cobs per plant, cob length 
and grains per cob of maize  
Source of 
Variance 
DF 
Mean square  
Plant 
Height 
Grain rows 
per cob 
Cob per 
plant 
Cob 
length 
Grains per 
cob 
Grain-
pith ratio 
Replication (R) 3 407.45 0.55 0.03 1.03 1612.18 0.01 
Year effect (Y) 1 3641.09* 1.57ns 0.31** 0.49ns 2.06ns 0.08ns 
Error I 3 293.56 0.96 0.01 0.74 794.30 0.10 
Treatment (T) 11 615.41** 3.26* 0.06** 2.47** 8547.54** 0.76** 
(Y x T) 11 24.15ns 0.41ns 0.01ns 0.12ns 914.80ns 0.08ns 
Error II 66 98.78 0.65 0.01 0.61 1900.52 0.07 
Total 95 203.15 0.94 0.02 0.79 2492.02 0.15 
* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns= Non 
significant at 5% probability level 
Table 4.44: Effect of various boiled allelopathic plant water extracts on plant height 
(cm) of maize  
Treatment                                                                                   Plant height(cm) 
 
            Rate 2011 2012 
Control  180.30 g 171.34 h 
Water spray  181.27 g 173.94 g 
Rice water extract (RWE) 3% 193.17 f 183.42 e 
Sorghum water extract (SWE) 3% 201.24 d 180.91 f 
Maize water extract (MWE) 3% 193.38 f 182.83 ef 
Moringa leaf extract (†MLE) 3% 205.93 b 196.42 b 
RWE + SWE 3% each 196.93 e 182.50 ef 
RWE + MWE 3% each 197.88 e 184.17 e 
RWE + MLE 3% each 202.12 cd 187.83 d 
SWE + MWE 3% each 210.14 a 199.65 a 
SWE + MLE 3% each 206.66 b 190.06 d 
MWE + MLE 3% each 204.16 bc 192.33 c 
LSD p≤0.05  2.71 2.06 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least significant 
difference; †=Moringa leaf extract not boiled 
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Maximum number of grains per cob was found with the combined application of boiled SWE 
and MWE each at 3% followed by 3% MLE alone and with combined application of MWE 
and MLE each at 3% and both were statistically at par with each other during the study year. 
While, minimum number of grains per cob was found in control (Table 4.46) and year effect 
was non-significant (Table 4.44). 
4.5.4.6. Grains per row 
All treatments significantly increased number of grains per row as compared with 
control (Table 4.47). Maximum numbers of grains per row was observed with combined 
application of boiled SWE and MWE each at 3% followed by 3% MLE alone and both were 
statistically at par with each other during both the year of experimentation. The next best 
treatment was where combined MWE and MLE each at 3% were applied and it was 
statistically same with MLE alone at 3% during 2011-12. While, minimum grains per row 
were observed in control and year effect was non-significant (Table 4.48). 
4.5.4.7. Grain-pith ratio  
All plant water extract treatments significantly influenced grain pith-ratio as 
compared with control (Table 4.43). A significant increase in grain-pith ratio was recorded in 
plots where combined application of boiled SWE and MWE each at 3% was sprayed and it 
was followed by 3% MLE alone during both the year of experimentations. Whereas, 
minimum grain to pith-ratio was observed in control while year effect was non-significant 
(Table 4.46). 
4.5.4.8. 1000-grain weight (g) 
Data regarding 1000-grain weight exposed that all plant extract influenced 
significantly by increasing grain weight as compared to control (Table 4.47). Significantly 
heavier grains were recorded with combined application of boiled SWE and MLE each at 3% 
followed by MLE at 3% alone during year of study. Whereas, lightest grain weight was 
found in control (Table 4.48) and year effect was non-significant (Table 4.47). 
4.5.4.9. Grain yield (t ha
-1
) 
The data relating to grain yield showed that all the plant water extract treatments 
showed significant results (Table 4.47). Combined application of boiled SWE and MWE 
each at 3% promoted grain yield 36.36% as compared with control and it was followed by 
MLE application each at 3% giving 30.90% increase in maize grain yield and MWE and  
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Table 4.45: Effect of various boiled allelopathic plant water extracts on grain rows 
per cob and number of cobs per plant
 
of maize 
  Treatments  
Grain rows 
Per cob 
Cobs per  
plant 
Rate * 2011 2012 
Control  13.20 h 1.23 g 1.05 h 
Water spray  13.29 h 1.25 g 1.20 e 
Rice water extract (RWE) 3% 13.58 g 1.35 e 1.25 d 
Sorghum water extract (SWE) 3% 14.03 e 1.43 b 1.30 c 
Maize water extract (MWE) 3% 13.62 g 1.35 e 1.15 f 
Moringa leaf extract (MLE) 3% 14.96 b 1.43 b 1.35 b 
RWE + SWE 3% each 13.99 e 1.25 g 1.30 c 
RWE + MWE 3% each 13.63 g 1.35 e 1.15 f 
RWE + MLE 3% each 13.78 f 1.30 f 1.10 g 
SWE + MWE 3% each 15.15 a 1.45 a 1.40 a 
SWE + MLE 3% each 14.42 d 1.38 d 1.25 d 
MWE + MLE 3% each 14.66 c 1.40 c 1.30 c 
LSD p≤0.05  0.12 0.20 0.03 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference; * Mean of two years as year effect was non-significant;  
†=Moringa leaf extract not boiled    
Table 4.46: Effect of various boiled allelopathic plant water extracts on  cob length 
(cm),  grains per cob and grain-pith ratio of maize 
  Treatments  
Cob length 
(cm) 
Grains 
per cob 
Grain-pith 
ratio 
Rate * * * 
Control  17.89 g 37.55 g 2.75 g 
Water spray  18.61 f 38.69 f 3.34 f 
Rice water extract (RWE) 3% 19.29 d 40.78 de 3.57 e 
Sorghum water extract (SWE) 3% 18.98 e 40.73 e 3.68 d 
Maize water extract (MWE) 3% 19.61 b 41.33 c 3.58 e 
Moringa leaf extract (†MLE) 3% 19.71 b 41.92 b 3.87 b 
RWE + SWE 3% each 19.45 c 40.71 e 3.70 d 
RWE + MWE 3% each 19.43 cd 41.11 cd 3.67 d 
RWE + MLE 3% each 19.36 cd 41.11 cd 3.57 e 
SWE + MWE 3% each 19.88 a 42.52 a 3.93 a 
SWE + MLE 3% each 19.65 b 40.87 de 3.71 d 
MWE + MLE 3% each 19.61 b 41.71 b 3.80 c 
LSD p≤0.05  0.15 0.33 0.04 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least significant 
difference; * Mean of two years as year effect was non-significant;†=Moringa leaf extract 
not boiled          
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Table 4.48: Effect of various boiled allelopathic plant extracts on 1000-grain weight 
and grains per row of maize 
  Treatments   
1000-Grain   
  Weight (g) 
 Grains per           
     row 
Rate      *      * 
Control  250.81 h 490.19 g 
Water spray  258.47 g 518.57 f 
Rice water extract (RWE) 3% 273.08 f 542.56 e 
Sorghum water extract (SWE) 3% 288.38 c 563.17 d 
Maize water extract (MWE) 3% 280.30 d 559.02 d 
Moringa leaf extract (†MLE) 3% 291.31 b 595.15 ab 
RWE + SWE 3% each 278.25 de 582.02 c 
RWE + MWE 3% each 277.54 e 582.52 c 
RWE + MLE 3% each 287.79 c 563.31 d 
SWE + MWE 3% each 287.93 c 596.85 a 
SWE + MLE 3% each 294.26 a 585.85 c 
MWE + MLE 3% each 286.29 c 587.68 bc 
LSD p≤0.05  2.76 7.92 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference; * Mean of two years as year effect was non-significant;†=Moringa 
leaf extract not boiled 
Table 4.47: Analysis of variance for influence of different boiled allelopathic plant 
water extracts on 1000-grain weight, grains per row, grain yield, stover 
yield and harvest index of maize 
Source of 
Variance 
DF 
Mean square 
1000-grain 
weight 
Grains per 
row 
Grain 
yield 
Stover 
yield 
Harvest 
index 
Replication (R) 3 45.01 1.41 0.12 1.70 0.60 
Year  (Y) 1 382.40ns 0.05ns 1.87ns 1.69ns 59.14ns 
Error I 3 445.46 1.76 0.67 1.64 12.21 
Treatment (T) 11 1406.99** 14.91** 1.05* 5.10** 11.72** 
(Y x T) 11 357.90ns 0.91ns 0.23ns 0.57ns 13.95ns 
Error II 66 396.85 3.04 0.17 0.87 4.75 
Total 95 499.57 4.04 0.31 1.38 7.30 
* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = 
Non-significant at 5% probability level 
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MLE each at 3% giving yield 30.30% and both were statistically at par during the study 
years. The increase in maize grain yield under different plant water extract treatments may be 
attributed due to improvement in LAI, number of cobs per plant, number of grains per cob 
and 1000-grain weight. The lowest maize grain yield was recorded in control plots owing to 
no application of plant water extracts (Table 4.41) and year effect was non-significant (Table 
4.49). 
4.5.4.10. Stover yield t ha
-1
 
All plant water extract treatments significantly influenced stover yield of maize over 
control (Table 4.49). The highest stover yield was recorded in plots where boiled combined 
SWE and MWE each at 3% were applied followed by 3% MLE alone during both the year of 
experimentation. While, minimum stover yield was noted in control followed by water spray 
(Table 4.50) and year effect was non-significant (Table 4.49). 
4.5.4.11. Harvest index (%) 
The data concerning harvest index of maize showed significant improvement among 
different plant water extract treatments (Table 4.49). The harvest index produced by 
combined application of boiled SWE and MWE each at 3% found to be maximum as 
compared to control during both the year of study followed by combined application of 
boiled RWE and MWE at 3% which produced good harvest index and it was statistically 
same with boiled MWE alone at 3% during 2011 and with combined application of boiled 
MWE and unboiled MLE each at 3% and also with combined application of boiled RWE and 
MWE each at 3% during 2012. Whereas, minimum harvest index was noted in control (Table 
4.50) and year effect was significant (Table 4.49). 
4.5.4.12. Grain protein contents (%) 
All treatments significantly affected the protein content of maize grain as compared 
with control during both the years of study (Table 4.51). The highest protein contents in 
maize grain were obtained with the combined application of SWE and MLE each at 3% 
followed by 3% MLE alone during both the year of study. While, control resulted minimum 
grain protein contents and both were statistically similar and year effect was non-significant 
(Table 4.52) and year effect was non-significant (Table 4.51). 
4.5.4.13. Grain starch contents (%) 
All plant water extracts significantly influenced the starch content of maize grain as 
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Table 4.49: Effect of various boiled allelopathic plant water extracts on grain yield 
(t ha
-1
) of maize 
  Treatments 
                                   Grain yield (t ha
-1
) 
Rate    * Increase (%) 
Control  3.30 h (-----) 
Water spray  3.39 g (2.73) 
Rice water extract (RWE) 3% 3.70 f (12.12) 
Sorghum water extract (SWE) 3% 4.01 d (21.52) 
Maize water extract (MWE) 3% 3.97 e (20.30) 
Moringa leaf extract (†MLE) 3% 4.32 b (31.90) 
RWE + SWE 3% each 3.97 d (20.30) 
RWE + MWE 3% each 4.00 d (21.21) 
RWE + MLE 3% each 4.12 c (24.85) 
SWE + MWE 3% each 4.50 a (36.36) 
SWE + MLE 3% each 4.13 c (25.15) 
MWE + MLE 3% each 4.30 b (30.30) 
LSD p≤0.05  0.07  
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference; * Mean of two years as year effect was non-significant;†=Moringa 
leaf extract not boiled 
Table 4.50: Effect of various allelopathic plant water extracts on stover yield (t ha
-1
) 
and harvest index of maize 
  Treatments  
Stover yield                
(t ha
-1
) 
Harvest index 
Rate     * 2011 2012 
Control  11.64 h 28.98 f 27.10 g 
Water spray  11.73 h 29.92 e 27.77 ef 
Rice water extract (RWE) 3% 12.51 g 29.96 e 29.17 d 
Sorghum water extract (SWE) 3% 13.48 c 31.95 c 27.63 fg 
Maize water extract (MWE) 3% 12.73 f 32.65 b 27.91 ef 
Moringa leaf extract (†MLE) 3% 14.02 a 31.81 cd 30.06 c 
RWE + SWE 3% each 12.99 e 30.31 e 31.48 b 
RWE + MWE 3% each 12.81 f 32.78 b 28.22 e 
RWE + MLE 3% each 13.23 d 30.37 e 31.55 b 
SWE + MWE 3% each 14.10 a 34.40 a  32.52 a 
SWE + MLE 3% each 13.46 c 31.34 d 30.48 c 
MWE + MLE 3% each 13.70 b 31.60 cd 32.00 ab 
LSD p≤0.05  0.16 0.36 0.44 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference; * Mean of two years as year effect was non-significant;†=Moringa 
leaf extract not boiled        
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Table 4.51: Analysis of variance for influence of different boiled allelopathic plant 
water extracts on protein, starch and oil contents in maize 
Source of Variance DF 
Mean square 
Protein contents 
(%) 
Starch contents 
(%) 
Oil contents       
(%) 
Replication (R) 3 0.22 3.53 0.10 
year (Y) 1 2.51ns 30.40* 0.04ns 
Error I 3 0.38 2.10 0.03 
Treatment (T) 11 2.54** 99.25** 0.14** 
Y x T 11 0.29ns 10.83ns 0.01ns 
Error II 66 0.18 9.01 0.02 
Total 95 0.50 19.51 0.04 
* = Significant at 0.05 probability level, ** = Significant at 0.01 probability level, ns = 
Non-significant at 5% probability level 
Table 4.52: Effect of various boiled allelopathic plant water extracts on protein and 
starch content and oil contents of maize 
 
Treatments 
 
Rate 
Protein 
contents 
(%) 
Starch 
contents 
(%) 
Oil 
contents 
(%) 
* * * 
Control  5.77 j 59.99 j 4.09 f 
Water spray  5.98 i 61.53 i 4.26 e 
Rice water extract (RWE) 3% 6.84 e 63.59 h 4.38 d 
Sorghum water extract (SWE) 3% 6.58 g 65.10 ef 4.47 c 
Maize water extract (MWE) 3% 6.97 d 65.79 d 4.38 d 
Moringa leaf extract (†MLE) 3% 7.44 b 70.00 b 4.46 c 
RWE + SWE 3% each 6.89 de 65.60 de 4.52 b 
RWE + MWE 3% each 6.44 h 64.95 f 4.51 b 
RWE + MLE 3% each 7.18 c 65.93 d 4.52 b 
SWE + MWE 3% each 7.68 a 73.19 a 4.53 b 
SWE + MLE 3% each 6.72 f 64.28 g 4.52 b 
MWE + MLE 3% each 7.25 c 67.81 c 4.59 a 
LSD p≤0.05  0.08 0.59 0.03 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference; * Mean of two years as year effect was non-significant;†=Moringa 
leaf extract not boiled 
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compared with control during both the years of study (Table 4.51). The highest starch content 
in maize grain was obtained with the combined application of boiled SWE and MWE each at 
3% and followed by 3% MLE alone. While lowest starch content in maize grain was 
observed in control (Table 4.52) and year effect was non-significant (Table 4.51). 
4.5.4.14. Grain oil contents (%) 
  The oil content of maize grain was significantly improved by all plant water extracts 
as compared with control during both the years of study (Table 4.52). The highest oil content 
was obtained in plots applied with MWE and MLE each at 3% in combination and it was 
followed by SWE and MLE each at 3% which was statistically at par with combined 
application of SWE and MWE, RWE and MLE, RWE and MWE, RWE and RWE and SWE 
each at 3%. Whereas, minimum grain oil content was observed in control (Table 4.52) and 
year effect was non-significant (Table 4.51). 
4.5.4.15. Photosynthetic Pigments 
4.5.4.15.1. Chlorophyll-a  
  Different treatments receiving boiled plant water extracts significantly influenced 
chlorophyll-a contents in maize. Almost all plant water extracts improve the chlorophyll-a 
contents in maize leaves except control (Table 4.53). Maximum chlorophyll-a content 
improvement was noted with combined application of SWE and MWE each at 3% followed 
by combined application of 3% MWE and 3% MLE, 3% SWE and 3% MLE in combination 
and also 3% MLE alone. While, minimum chlorophyll-a contents were noted in control 
(Table 4.54) and year effect was non-significant (Table 4.53). 
4.5.4.15.2. Chlorophyll-b
 
All plant water extract treatments significantly affected chlorophyll-b content in 
maize during the both years (Table 4.53). Maximum chlorophyll-b content increase was 
found where combined application of SWE and MWE each at 3% was applied followed by 
MLE at 3% alone and SWE and MLE at 3% in combination. Whereas, minimum 
chlorophyll-b content was observed in control followed by water spray (Table 4.54) and year 
effect was non-significant (Table 4.53). 
4.5.4.15.3. Total Chlorophyll 
All plant water extract treatments significantly improved total chlorophyll contents in 
maize as compared to control (Table 4.53). However, maximum total chlorophyll content 
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Table 4.54: Effect of allelopathic plant water extracts on chlorophyll contents of 
maize 
  Treatments   Rate 
        Chlorophyll contents 
* * * 
Chl a Chl b Chl a+b 
Control  1.82 j 0.78 f 2.63 i 
Water spray  2.11 i 0.89 e 2.98 h 
Rice water extract (RWE) 3% 2.16 h 1.00 d 3.09 g 
Sorghum water extract (SWE) 3% 2.24 ef 1.00 d 3.23 f 
Maize water extract (MWE) 3% 2.20 gh 1.16 c 3.34 e 
Moringa leaf extract (MLE) 3% 2.33 bc 1.28 b 3.62 b 
RWE + SWE 3% each 2.27 de 1.17 c 3.44 d 
RWE + MWE 3% each 2.29 cd 1.13 c 3.51 c 
RWE + MLE 3% each 2.20 fg 1.16 c 3.38 de 
SWE + MWE 3% each 2.43 a 1.41 a 3.81 a 
SWE + MLE 3% each 2.35 b 1.28 b 3.53 c 
MWE + MLE 3% each 2.36 b 1.13 c 3.55 bc 
LSD p≤0.05  0.043 0.047 0.068 
*Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference;†=Moringa leaf extract not boiled 
Table 4.53: Analysis of variance for influence of different boiled allelopathic plant 
water extracts on chlorophyll pigments of maize 
Source of 
Variance 
DF 
Mean square 
Chlorophyll-a Chlorophyll-b Total Chlorophyll 
Replication (R) 3 0.11 0.05 0.30 
year (Y) 1 0.08ns 0.01ns 0.04ns 
Error I 3 0.12 0.20 0.60 
Treatment(T) 11 0.20** 0.24** 0.82** 
Y x T 11 0.02ns 0.02ns 0.02ns 
Error II 65 0.07          0.08 0.15 
Total 95 0.08 0.09 0.23 
Means not sharing a letter in common differ significantly at 0.05 p; LSD= Least 
significant difference;* Mean of two years as year effect was non-significant 
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were observed in combined application of SWE and MWE each at 3% followed by 3% MLE 
alone and MWE and MLE each at 3%. Whereas, minimum total chlorophyll contents was 
observed in control followed by simple water spray (Table 4.54) and year effect was non-
significant (Table 4.53). 
4.5.4.16. Economic and marginal analyses 
In addition to effectiveness of a technique, its acceptance and adoption will ultimately 
depend upon the economic returns. For determining the economical treatments economic and 
marginal analyses were performed. In present study all plant extracts gave higher net returns 
as compared with control (Table 4.57 & 4.58) during both the years of study. Among 
allelopathic water extracts application of boiled SWE and MWE combination gave higher net 
returns (Rs. 179061 ha
-1
 and 174296 ha
-1
) during both years and it was followed by MLE 
alone during both year of study giving net benefit of Rs. 173832.5 ha
-1 
and 166825 ha
-1 
respectively. While, minimum net benefit was obtained from control during study years 
(Table 4.57 & 4.58).  
Marginal analysis of boiled plant water extracts revealed that among all the plant 
water extracts, boiled SWE and combination of boiled SWE with MWE provided maximum 
marginal rate of return, (20874.4 & 327723.53%) during 2011 and 2012, respectively (Table 
4.59 & 4.60). Combined application of sorghum and maize water extracts, combination of 
rice and sorghum water extract, combination of rice and maize water extracts and also 
sorghum and moringa extracts combination had good MRR during 2011. However, sorghum 
and maize water extract combination and boiled sorghum water extract alone had good MRR 
during 2012. While, rest of the treatments were dominated due to less benefit and higher cost 
that vary and were uneconomical. So, it is suggested that either sorghum water extract alone 
or sorghum and maize water extracts in combination may be sprayed to get better economic 
returns.
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Table 4.55: Economic analysis for year 2011 
 CK WS RWE SWE MWE *MLE RWE+SWE RWE+MWE RWE+MLE SWE+MWE SWE+MLE MWE+MLE Remarks 
Grain yield 3.38 3.53 3.94 4.37 4.11 4.43 3.86 4.42 4.12 4.57 4.07 4.41 t ha-1 
Adjusted yield 3.04 3.18 3.55 3.94 3.69 3.99 3.47 3.98 3.71 4.11 3.66 3.97 
10% less 
To bring at 
farmer level 
Income Rs. ha
-1
 114075 119222 133059 147572 138544 
14951
3 
130106 149259 139050 154238 137278 148838 Rs. 37500 /t 
Straw Yield 11.65 11.81 13.16 13.73 12.59 13.99 13.35 12.94 13.42 14.11 13.1 14.11 t ha-1 
Adjusted Yield 10.49 10.63 11.84 12.35 11.33 12.59 12.02 11.65 12.08 12.7 11.79 12.7 
10% less 
To bring at 
farmer level 
Income Rs. ha
-1
 20980 21260 23680 24700 22660 25180 24040 23300 24160 25400 23580 25400 Rs. 2000/ t 
Gross Income 135055 140481 156739 172271 161203 174692 154146 172559 163210 179637 160858 174237 Rs. ha-1 
Cost of boiled 
SWE ha
-1
 
0 0 0 168 0 0 84 0 0 84 84  
Rs. 168/ha 
SWE 
Cost of boiled 
MWE ha
-1
 
0 0 0 0 185 0 0 92.5 0 92.5 0 92.5 
Rs. 185/ha  
MWE 
Cost of boiled  
RWE ha
-1
 
0 0 195 0 0 0 97.5 97.5 97.5 0 0 0 
Rs. 195 
/hac RWE 
Cost of fresh 
MLE ha
-1
 
0 0 0 0 0 460 0 0 230 0 230 230 
Rs. 230/ha  
MLE 
Spray 
application cost 
0 300 300 300 300 300 300 300 300 300 300 300 
150 Rs. 
/man/day/h
a 
Sprayer rent 0 100 100 100 100 100 100 100 100 100 100 100 
Rs. 
50/spray 
Cost that vary 0 400 595 568 585 860 581.5 590 727.5 576.5 714 722.5 Rs. ha-1 
Net benefit 135055 140081 156144 171703 160618 173832 153564 171969 162482 179061 160144 173515 Rs. ha-1 
CK =Control, WS = Water application, 2 spray (30 and 50 DAS), RWE = 3% Rice water extract, 2 sprays (30 and 50 DAS), SWE = 3% Sorghum water extract, 2 spray (30 and 50 DAS), MWE = 3% Maize 
water extract , 2 spray (30 and 50 DAS), MLE = 3% Moringa leaf extract , 2 spray (30 and 50 DAS), RWE+SWE =  Rice water extract + sorghum water extract at 3%, 2 spray (30 and 50 DAS), RWE+MWE =  
Rice water extract + Maize water extract at 3%, 2 spray (30 and 50 DAS),   RWE+MLE=Rice water extract +  Moringa leaf extract at 3%, 2 spray (30 and 50 DAS), RWE+MLE= Rice water extract + Moringa 
leaf extract at 3%, 2 spray (30 and 50 DAS), SWE+MWE= Sorghum water extract +  Maize water extract at 3%, 2 spray (30 and 50 DAS),  SWE+MLE= Sorghum water extract +  Moringa leaf extract at 3%, 2 
spray (30 and 50 DAS), MWE+MLE=  Maize water extract + Moringa leaf extract 3%, 2 spray (30 and 50 DAS) 
 *Fresh moringa leaf extract was used (Unboiled)  
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Table 4.56: Economic analysis for year 2011 
 CK WS RWE SWE MWE *MLE RWE+SWE RWE+MWE RWE+MLE SWE+MWE SWE+MLE MWE+MLE Remarks 
Grain yield 3.22 3.25 3.46 3.65 3.48 4.22 4.09 3.57 4.11 4.43 4.2 4.18 t ha
-1 
Adjusted yield 2.90 2.93 3.11 3.29 3.13 3.80 3.68 3.21 3.70 3.99 3.78 3.76 
10% less to 
bring at 
farmer level 
Income Rs. ha
-1
 108675 109688 116775 123188 117450 142425 138037.5 120487.5 138712.5 149512.5 141750 141075 Rs. 37500 /t 
Straw Yield 11.63 11.66 11.86 13.24 12.86 14.04 12.62 12.68 13.03 14.09 13.81 13.28 t ha
-1 
Adjusted Yield 10.47 10.49 10.67 11.91 11.57 12.63 11.36 11.41 11.73 12.68 12.43 11.95 
10% less to 
bring at 
farmer level 
Income Rs. ha
-1
 20940 20980 21340 23820 23140 25260 22720 22820 23460 25360 24860 23900 Rs. 2000/ t 
Gross Income 129615 130667 138115 147007 140590 167685 160757.5 143307.5 162172.5 174872.5 166610 164975 Rs. ha
-1 
Cost of boiled 
SWE ha
-1
 
0 0 0 168 0 0 84 0 0 84 84 0 
Rs. 168/ha 
SWE 
Cost of boiled 
MWE ha
-1
 
0 0 0 0 185 0 0 92.5 0 92.5 0 92.5 
Rs. 185/ha  
MWE 
Cost of boiled  
RWE ha
-1
 
0 0 195 0 0 0 97.5 97.5 97.5 0 0 0 
Rs. 195 /ha 
RWE 
Cost of fresh 
MLE ha
-1
 
0 0 0 0 0 460 0 0 230 0 230 230 
Rs. 230/ha  
MLE 
Spray 
application cost 
0 300 300 300 300 300 300 300 300 300 300 300 
150 
Rs./Man/day         
ha
-1
 
Sprayer rent 0 100 100 100 100 100 100 100 100 100 100 100 Rs. 50/spray 
Cost that vary 0 400 595 568 585 860 581.5 590 727.5 576.5 714 722.5 Rs. ha
-1
 
Net benefit 129615 130267 137520 146439 140005 166825 160176 142717.5 161445 174296 165896 164252.5 Rs. ha
-1
 
CK =Control, WS = Water application, 2 spray (30 and 50 DAS), RWE = 3% Rice water extract, 2 sprays (30 and 50 DAS), SWE = 3% Sorghum water extract, 2 spray (30 and 50 DAS), MWE = 3% Maize water 
extract , 2 spray (30 and 50 DAS), MLE = 3% Moringa leaf extract , 2 spray (30 and 50 DAS), RWE+SWE = 3% Rice water extract +3%  sorghum water extract, 2 spray (30 and 50 DAS), RWE+MWE = 3% Rice 
water extract + 3% Maize water extract, 2 spray (30 and 50 DAS),   RWE+MLE=3% Rice water extract + 3% Moringa leaf extract, 2 spray (30 and 50 DAS), RWE+MLE= 3% Rice water extract + 3% Moringa leaf 
extract, 2 spray (30 and 50 DAS), SWE+MWE= 3% Sorghum water extract + 3% Maize water extract, 2 spray (30 and 50 DAS),  SWE+MLE= 3% Sorghum water extract + 3% Moringa leaf extract, 2 spray (30 
and 50 DAS), MWE+MLE= 3% Maize water extract + 3%  Moringa leaf extract, 2 spray (30 and 50 DAS) 
 *Fresh moringa leaf extract was used (Unboiled) 
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Table 4.57: Marginal analysis for year 2011 
Cost that vary= It is the sum of the costs (both costs and opportunity costs) that vary for a particular treatment;  
Marginal costs= The increase in  net benefit which can be obtained by changing from one production alternative to 
another 
Marginal benefits = The increase in variable cost which occurs in changing from one production alternative to another 
Marginal benefits 
Marginal rate of return =  --------------------- X 100 =   (%) 
Marginal costs  
 
D = Dominated treatment = Treatment which has higher costs but lower net benefits; Rs. = Rupees; SWE= 
Sorghum water extract; MWE=Maize water extract; RWE= rice water extract; MLE= Moringa leaf extract 
*Fresh moringa leaf extract was used (Unboiled) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Treatments 
Cost that vary 
(Rs.) 
Net profit 
(Rs.) 
Margin
al cost 
Marginal net 
benefits 
Marginal 
rate of 
returns (%) 
CK 0 126548    
WE 
400 128753 400 2205 551.25 
SWE 
568 163822 168 35069 20874.4 
SWE+MWE 576.5 164068 8.5 246 2894.12 
RWE+SWE 581.5 164800 5 732 14640 
MWE 585 161105 - - D 
RWE+MWE 590 165826 8.5 1026 12070.6 
RWE 595 159880 - - D 
SWE+MLE 714 169452 124 3626 2924.19 
MWE+MLE 722.5 147319 - - D 
RWE+MLE 727.5 162198 - - D 
*MLE 860 168198 - - D 
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 Table 4.58: Marginal analysis for year 2012 
Treatments 
Cost that 
vary (Rs.) 
Net profit 
(Rs.) 
Marginal 
cost 
Marginal net 
benefits 
Marginal 
rate of 
returns (%) 
CK 0 129615    
WE 400 130268 400 652.5 163.13 
SWE 568 146440 168 16172 9626.19 
SWE+MWE 576.5 174296 8.5 27856.5 327723.53 
RWE+SWE 581.5 160176 - - D 
MWE 585 140005 - - D 
RWE+MWE 590 142718 - - D 
RWE 595 137520 - - D 
SWE+MLE 714 165896 - - D 
MWE+MLE 722.5 164253 - - D 
RWE+MLE 727.5 161445 - - D 
*MLE 860 166825 - - D 
Cost that vary= It is the sum of the costs (both costs and opportunity costs) that vary for a particular treatment;  
Marginal costs = The increase in net benefit which can be obtained by changing from one production alternative to 
another ;  
Marginal benefits = The increase in variable cost which occurs in changing from one production alternative to another 
Marginal benefits 
Marginal rate of return =  --------------------- X 100 =   (%) 
Marginal costs 
D = Dominated treatment = Treatment which has higher costs but lower net benefits; Rs. = Rupees; SWE= 
Sorghum water extract; MWE=Maize water extract; RWE= rice water extract; MLE= Moringa leaf extract 
*Fresh moringa leaf extract was used (Unboiled) 
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4.5.4.17. Discussion 
Phenolic acids are the main polyphenols which have miscellaneous utilities and are 
greatly significant in various important signaling and defense mechanism. This study showed 
that boiled plant water extracts of allelopathic crops like rice, sorghum, maize and moringa 
has tremendous scope to promote the crop growth, morphology, photosynthetic pigment, 
yield related traits and also its quality, particularly at low concentration. Growth and yield of 
maize crop may be improved due to the growth promotery potential of boiled extracts of 
these allelopathic plants like sorghum, maize, rice and moringa as extracts of these plants 
have variety of allelopathic compound like phenolics which may influence the growth pattern 
of crops positively by enhancing the absorption and uptake of essential minerals and water 
and also improve the photosynthesis and respiration processes, especially at low 
concentration (Einhelling et al., 1985; Gerald et al., 1992). Plant water extracts may be a 
source of growth regulators as these are economical, harmless and atmosphere responsive 
and may promote one or the other plant when exogenously applied at reduced concentration 
(Oudhia et al., 1988; El Atta and Basher, 1999; Farooq et al., 2009). All allelopathic plant 
water extracts when sprayed, either alone or in mixture at low concentrations, considerably 
influenced and enhanced the growth related traits like LAI (leaf area index), LAD (leaf area 
duration), CGR (crop growth rate), and NAR (net assimilation rate) in maize (Fig. 4.6- 4.10).  
LAI, LAD, CGR and NAR were improved in plots where combination of boiled 
extract of sorghum and maize was exogenously applied at low doses and promoted the 
growth pattern followed by moringa extract alone and combination of maize and moringa 
extracts. Phenolic compounds like phenolic acids and their byproduct are diverse in nature 
and play multifunctional roles in plant body when applied at low concentrations and these 
compounds might be involve in growth promotion activity of maize. Growth improvement in 
growth related traits like LAI, LAD, CGR and NAR might be due to the presence of indole-
3-acetic acid (IAA) (Casimiro et al., 2001) and phenolic compounds as gallic acid 
(Fernandes et al., 1998), tannic acid, vanillic acid (Santiago et al., 2005) chlorogenic acid 
(Bushman et al., 2002) and caffeic acids and also salicylic acid (Graf, 1992) in maize water 
extract (Pedreshci and Cisneros-Zevallos, 2005) and plant growth regulators lik zeatin, 
ascorbic acid, amino acids and minerals (Ca and K) in moringa leaf extract (Fuglie, 1999; 
Foidle et al., 2001), which may be involved in modification of crop growth pattern by 
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improving or motivating the cell division and cell elongation (Campbell et al., 1999) and 
increase root size, number of root hairs and their density which expands surface area and 
ultimately enhance or promote the plant growth (Pupponen-Pimia et al., 2001) by increasing 
leaf area index (LAI), leaf area duration (LAD), crop growth rate (CGR), and net 
assimilation rate (NAR). Generally, when higher concentrations of phenolic compounds may 
be present they exhibit inhibitory effect while at low concentrations they promote or enhance 
the growth of the plants (Gramig et al., 2006) as observed in case of all these growth 
parameters. Within plants body production of phenolics occurred via special pathways 
known as phenylpropanoid pathway or shikimic acid or by products of the monolignol 
pathway through which breakdown of lignin and cell wall polymers were take place in 
vascular plant (Higuchi, 2003; Ralph et al., 2003). 
All plant water extracts alone and in combined mixtures promoted plant height, grain 
rows per cob, number of cobs per plants, cob length, number of grains per cob,  grain-pith 
ratio, 1000-grain weight, grains per row, grain yield, stover yield and harvest index when 
applied exogenously to the maize crops (Table 4.41-4.48). Combined application of sorghum 
and maize water extracts application found to be more effective by improving all these 
parameters followed by moringa leaf extract alone as compared to control and the rest of the 
treatments. It might be due to the presence of phenolic compounds like gallic acid, tannic 
acid, vanillic acid, chlorogenic acid and caffeic acids and also salicylic acid in maize water 
extract (Pedreshci and Cisneros-Zevallos, 2005) and other growth promoting substances like 
Indole acidic acid, cytokinins, zeatin, ascorbic acid, amino acids, Ca and K (Fuglie, 1999; 
Foidle et al., 2001) found in moringa extract at low concentration. These substances might 
be involved in this promotion activity and it has been reported that they act like plant 
hormones, although the real mechanism is not yet understood well (Khanh et al., 2007). 
Phenolic compounds might be involve in modification of crop growth pattern by improving 
or motivating the cell division and cell elongation (Campbell et al., 1999) It might be the 
result of more stay green character which resulted in better photosynthesis due to delayed 
expression of senescence related genes (Lim et al., 2007). Meristematic cells due to 
continuous metabolic activity elongated and differentiated to develop lateral roots. Plant 
water extracts were found to have marked effect on the development of lateral roots and the 
hyper induction of sites of lateral root emergence plant water extracts play a crucial role. So, 
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due to plant water extract long and dense root hairs develop and cell roots proliferate into 
the soil. Due to which phenolic compound like benzoic acid, p-cumaric acid and more 
nutrient present in plant water extracts might accumulated in plant body at low 
concentrations. Consequently, these extracts promote the plant growth and yield by 
increasing the availability of other nutrients like N, P, K, Ca and Mg in leaves (Baldotto et al., 
12). 
Indole-3-acetic acid is one of the best vital morphogenic compounds that figure the 
full plant body. Plant water extract having natural auxin (IAA) when exogenously applied on 
other plants might be triggered the endogenous production of several important enzymes in 
crops and might be moved quickly to the roots via the phloem. Then the process of lateral 
root development starts in the already established parent roots through cell division. IAA 
triggers the shoot apex meristem growth which initiates lateral root development, rapid 
transportation of food through phloem which activates a series of cell division and establish 
lateral root on mitotic sites (Casimiro et al., 2001). IAA and phenolic compounds present in 
plant extracts makes changes in rhizosphere, modify root architecture and root growth 
promotion, absorption of water and nutrients, and interaction with beneficial soil microbes 
which ultimately improve the ability of roots to uptake the water and nutrients more 
efficiently from soil and it might have triggered the plant height and other growth activities 
(Majeed et al., 2012) by regulating the cell division (Rice, 1984). Improvement of grain rows 
per cob, number of cobs per plants, cob length, number of grains per cob, grain-pith ratio, 
grains per row due to application of allelopathic water extracts might be due to better cell 
division which resulted in improvement in all these parameters as allelopathic plant extracts 
at low concentration affect the cell division positively (Rice, 1984). 
Exogenously applied plant water extracts significantly improved grains weight, grain 
yield, biological yield and harvest index of maize which may be due to higher 1000-grain 
weight, grain rows per cob and more number of grains per row. Furthermore, due to presence 
of phenolic compounds, yield related traits performed better which resulted in better grain 
yield. Similarly, grain yield was improved by the application of allelopathic plant water 
extract alone and in mixtures also at 30 and 50 DAS. Boiled sorghum and maize plant water 
extract in combination found to be better in all these attributes as compared to control. 
Phenolic compounds might also be involved in improving protein, starch and oil contents in 
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maize grain and found to be maximum where sorghum and maize plant water extracts 
applied in combination as phenolic compound might be involved in activating various 
important enzymes like glucokinase, phosphoglucose, isomerase, PPi-dependent 
phosphofructokinase and pyruvate kinase, which contributed in vital processes like 
glycolysis, tricarboxylic acid cycle (TCA) and respiration, depending on concentration of 
plant water extracts and crop type (Lim et al., 2007; Nardi et al., 2007). 
All plant water extracts sprayed alone or in combination clearly affected the 
chlorophyll a, b, and total chlorophyll contents. Foliar application of plant water extracts at 
low concentration at 30 and 50 DAS influenced the growth activity of the plant, which might 
be due to more stay green character ultimately better photosynthesis activity by delaying 
senescence (Lim et al., 2007; Nawaz et al., 2013). Maximum chlorophyll a, b and total 
chlorophyll was found to be improved by combined application of plant water extracts of 
sorghum and maize each at 3% and it may be due to better stay green character of plants 
which ultimately leads to better photosynthesis activity due to which plants possesses more 
chlorophyll contents (Nawaz et al., 2013). The plant water extracts possessing phenolic acids 
and also considered as cell ultra-structure modifiers of cell division and elongation and 
resulted in improvement of chlorophyll contents (Li et al., 2010). As plant water extracts 
have allelochemicals which may activate antioxidant defense system in plants (Bogatek and 
Gniazdowska, 2007).  
Phenolics are also considered as cell ultra-structure modifiers and inhibitors of cell 
division and elongation (Li et al., 2010). Plant water extracts when exogenously applied at 
low concentration they also improve the chlorophyll a, b and total chlorophyll contents and 
ultimately improve photosynthesis and respiration rate by improving oxygen absorption 
capacity of plants and stabilizing chlorophyll contents. Many other phenomenon’s like 
conductance of stomata, CO2 concentration and leaf transpiration rate are also affected 
positively by phenolic compounds if they are present in low concentration (Yu et al., 2003).  
All the applied plant water extracts gave more net benefits as compared to the control 
but foliar spray of boiled SWE and MWE in combined mixture each at 3% found to be most 
economical among all the applied treatments by providing net returns (Rs. 179061 ha
-1
 and 
174296 ha
-1
) during both years while, marginal analyses of boiled plant water extracts 
revealed that among all the plant water extracts, boiled SWE and combination of boiled SWE 
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with MWE provided maximum marginal rate of return, (20874.4 & 327723.53%) during 
2011 and 2012, respectively (Table 4.59 & 4.60). Combined application of sorghum and 
maize water extracts, combination of rice and sorghum water extract, combination of rice and 
maize water extracts and also sorghum and moringa extracts combination had good MRR 
during 2011. However, sorghum and maize water extract combination and boiled sorghum 
water extract alone had good MRR during 2012. While, rest of the treatments were 
dominated due to less benefit and higher cost that vary and were uneconomical.
 
 From the above discussion, it can be inferred that combined application of sorghum 
and maize performed better as growth enhancer and their allelopathic potential have the 
ability to be used as natural growth promoter as it showed relatively good growth and yield. 
However, it is suggested that either sorghum water extract alone or sorghum and maize water 
extracts combination may be sprayed to get better economic returns. 
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4.5. General Discussion
 
Allelopathy has been achieving considerably extra consideration in public and 
agricultural biomes due to its particular and excessive responses by affecting growth and 
yield of plants (Rice, 1984; Inderjit and Duke, 2003; Narwal and Haouala, 2011). As 
allelopathy is the biochemical interaction among the plants involving production of 
secondary metabolites that have both inhibitory and promotery effects on neighbouring 
plants (Kohli et al., 1998). Rice (1984) reported that these biochemicals are produced 
through shikimic acid or citric acid pathway and theses interactions includes both promotion 
and inhibition activity depending on their concentrations. The allelochemicals can promote 
the growth of same or different plants when used in lower concentrations and this can be 
used as an inexpensive, safe, effective and environment friendly source of plant growth 
regulators (Oudhia et al., 1988). Allelochemicals affect the growth pattern of plants and 
organisms and potential of these allelopathic plants extracts can be used to promote growth 
and other processes of plants (El Atta and Basher, 1999; Farooq et al., 2011a). Growth 
promotery potential found to be more when these extracts applied at lower concentrations 
and suppressive effect or inhibition of growth increases by increasing extracts concentration 
(Chung and Miller, 1995; Narwal and Haouala, 2011), as allelochemicals have stimulatory 
effects at low concentrations (Narwal, 1994, 1999). Allelochemicals (secondary metabolite) 
like ferulic acid (pehenylpropanoid group) are made up via phenylalanine as intermediate, 
and include coumarins (e.g. scopoletin). In the lignin production of cell wall, 
phenylpropanoid compounds play vital role in their glycosidated and esterified precursor 
forms. Some phenolics, like salicylic acid plays fundamental role by acting as intermediates 
in acquired disease resistance (Einhellig, 2004). Phenolics are involved in the promotion of 
growth as these chemicals promote the efficiency of photosynthesis by increasing 
chlorophyll contents which ultimately enhance the plant growth and yield. 
In order to realize the growth promotery potential of plant water extracts, different 
crops like sorghum, maize, rice and moringa were evaluated in laboratory and field trials at 
different fresh and boiled forms. In the preliminary lab trials sorghum, maize and rice water 
extract’s concentrations were optimized in fresh and boiled type. As lot of studies have been 
carried on promotery potential of moringa so, we exclude it from the laboratory trials and in 
filed experiments only fresh extracts of moringa were used because boiling may denature the 
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cytokinins and other important minerals and vitamins which may affect the growth of the 
plants negatively. From these trials growth promotery effects of rice, maize, sorghum and 
moringa were observed on maize. In laboratory trials, shoot and root lengths, shoot and root 
dry weights of maize seedlings was found to be increased in those treatments where low 
concentrations of fresh and boiled sorghum, maize, and rice plant extracts without adjuvant 
were applied. This development is attributed to different secondary metabolites and 
allelochemicals like phenols, ascorbates (Foidle at al., 2001). Involvement of these of 
phenolic compounds in allelopathic plant water extracts is still questionable and till now 
there is no literature available which tells us about the involvement of phenolics in plant 
growth (Dalton, 1999). Trans-cinnamic acids and simple benzoic acids may show highest 
toxicity as compared with the hydroxylated derivatives when they are found in high 
concentrations. At higher concentrations suppressive effect was observed and addition of an 
adjuvant (Emulan) was not beneficial in terms of improving the efficiency of plant water 
extracts either fresh or boiled in growth promotion. However, it suppressed the promotive 
potential of plant water extracts even at low concentration. It may amend the efficacy of 
some important biochemicals (Harrison et aI., 1986; McWhorter, 1992) or may influence 
crop plant tolerance by increasing phytotoxic effect to crop plants (Johnson, 1985) and 
suppress various physiological parameters like transpiration, stomatal conductance and 
photosynthetic activity (Helson and Minshall, 1962). Furthermore, suppressive and 
promotery action of plant water extracts was concentration dependent (Einhellig, 2004; 
Einhellig et al., 1982). Indole acidic acid, cytokinins and phenolic compounds at low 
concentrations act as plant growth regulators and promote the growth activity (Khanh et al., 
2007) and naturally present in the plant water extracts. When plant water extracts sprayed on 
the maize plants, phenolic compounds and IAA initiated the growth of plant by starting 
production of several important enzymes inside plant body. It initiates development of lateral 
roots, apical meristem, non-dividing pericycle cells rapid transportation in phloem within the 
parent roots (Casimiro et al., 2001). Application of plant water extracts at low concentration 
make changes in the rhizosphere by modifying or changing the root architecture, absorption 
of vital nutrient and water and by root growth promotion which ultimately effect the plant 
growth by promoting plant height, grain rows per cob, number of cobs per plants, cob length, 
number of grains per cob, grain-pith ratio, grains per row (Rice, 1984; Majeed et al., 2012).  
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Allelopathic plant extracts application resulted in better grain yield as they amended the 
growth pattern of maize plant which enhance the growth and development and ultimately 
promote the growth attributes. Phenolics present in these plant water extracts in low 
concentration are considered to be involved in growth promotion activities by improving 
photosynthates and photosynthesis process and by delaying senescence activity (Lim et al., 
2007). Plant water extract of moringa contain zeatin; an intrinsic source of cytokinins and it 
has the ability to enhance the activity of antioxidant enzymes i.e. catalases which naturally 
combat with aging and free oxygen radicals (Fuglie, 1999), and also plays an important role 
in plant growth by increasing cell division and cell elongation processes (Taiz and Zeiger, 
2010). Main function of pehnloics and zeatin is to control the accumulation of nutrients, 
healing and promote growth of plants. Therefore, improved benefits are gained by 
exogenously application of these plant extracts. Phenolic compounds are also involved in 
improving protein, starch and oil contents in maize grain and found to be better where 
mixtures of plant water extracts were applied. Exogenously application of plant water 
extracts activate various important enzymes like glucokinase, phosphoglucose, isomerase, 
PPi-dependent phosphofructokinase and pyruvate kinase, which contributed in vital 
processes like glycolysis, tricarboxylic acid cycle (TCA) and respiration, depending on 
concentration of plant water extracts and crop type (Nardi et al., 2007). Phenolics work 
together at low concentrations and other more phytotoxic compounds may pass over 
unnoticed in a complex mixture obtained from various plant exudates (Rimando et al., 2001). 
Nevertheless, phenolics in plant exudates may modify plant growth by affacting cell 
membrane, phytohormons and enzymes, water relationships, respiration, photosynthesis and 
the flow of carbon in plants which may leads towards good crop yield (Olofsdotter et al., 
2002). 
There was significant variation among plant water extracts concentrations as higher 
concentration suppressed the plant while at low concentrations they promote the plant growth 
by increasing root and shoot length and root and shoot dry weight of maize seedlings (Table 
4.2). Phenolics are generally considered responsible for increase in permeability of cell wall 
in plant, which causes the enhancement of pre-oxidation of lipids, subsequently growth 
retardation and even some times death of plant occurs due to it. It is also reported that 
phenolics interferes with nutrient uptake in plants which in turn may alter growth patterns of 
129 
 
plants (Li et al., 2010). They are also considered as cell ultra-structure modifiers and 
promoters of cell division and cell elongation during plant growth when present at low 
concentrations (Li et al., 2010). They can also modify photosynthesis and respiration rate by 
changing oxygen absorption capacity of plants and improved chlorophyll contents. Many 
other phenomenon’s like conductance of stomata, CO2 concentration and leaf transpiration 
are also altered by phenolic compounds (Yu et al., 2003). It is also reported that some 
phenolic compounds affect the production of IAA and gibberilic acid and effect the synthesis 
of ethylene and it is also believed that they interfere with DNA and RNA integrity (Zeng et 
al., 2001). 
In short, phenolics are a large and diverse group of allelochemicals that act in a series 
of reactions to speed up the growth of plant tissues. Chlorophyll contents present in the 
leaves are an important indicator of crop growth. As more the photosynthesizing machinery 
is available, more light energy will be harvested to produce the reducing powers that 
ultimately leads towards the more yield. Plant water extract treatments significantly affected 
chlorophyll contents of the leaves and produce maximum chlorophyll contents in maize crop 
(Fuglie, 2000). Plant water extracts when exogenously applied at low concentration they also 
improve the photosynthesis by promoting chlorophyll contents like a, b and total chlorophyll 
in the leaves ultimately, promote growth and yield of maize by improving oxygen absorption 
capacity of plants and stabilizing chlorophyll contents. These secondary metabolites 
(phenolics) also involved in miscellaneous processes like growth, lignification, 
pigmentation, pollination, and resistance against pathogens, predators, and environmental 
stresses (Duthie et  al.,  2003; Fraga et  al.,  2010), conductance of stomata, CO2 
concentration and leaf transpiration are also affected positively by phenolic compounds if 
they are present in low concentration (Yu et al., 2003).  
So, better vegetative growth of plants might take place, resulted in improved 
chlorophyll contents of the leaves which ultimately lead to higher crop yield. Both fresh and 
boiled extracts were efficient in improving growth and yield of maize at lower 
concentrations. In comparison, fresh plant water extracts at lower rates (3%) were more 
efficient and economical than boiled extracts. 
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4.5.1. Conclusions 
Foliar application of fresh and boiled plant water extracts (sorghum, maize and rice) 
alone and in various combinations was found to be effective in improving root and shoot 
growth of maize seedling. Maximum increase in shoot and root dry and fresh weights was 
observed where lower concentrations (3%) of sorghum, rice and maize water extracts without 
adjuvant was applied as compared to higher concentrations (25, 50 and 100%) in laboratory 
trials. In field experiments, combined application of fresh sorghum and moringa extracts 
(3%) and combined application of boiled sorghum and maize extracts improved grain yield 
starch, protein, oil and chlorophyll contents during both the experiments, respectively. In 
conclusion, application of allelopathic plant water extracts at lower concentrations (3%) 
alone and in combination improved the growth and productivity of maize. However, fresh 
extracts alone or in combination may prefer. 
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Chapter 5 
SUMMARY 
 
The present research work was conducted to evaluate allelopathic plant water extracts 
for growth improvement in maize during 2011 and 2012. Laboratory trials were conducted in 
Allelopathy laboratory by using various fresh and boiled extracts of sorghum, rice and maize 
without and with adjuvant (Emulan) at different concentrations (100, 50, 25, 10, 5 and 3%) 
for dose optimization regarding growth promotion. Two sets of field experiments were 
conducted and repeated at Agronomic Research Area, University of Agriculture, Faisalabad, 
during 2011 and 2012. In first field experiment, fresh allelopathic plant water extracts as 
sorghum, rice, maize, and moringa were foliar applied at 30 and 50 DAS alone and in 
combination. While, in the second experiment these extracts were used after boiling except 
moringa (fresh extract) and all other features were kept same. Salient results of the studies 
are summarized below. 
A-Laboratory Trials 
 Higher concentrations (50-100%) of the plant water extract (fresh and boiled) 
inhibited the growth of maize seedlings. The inhibitory effect was more pronounced 
at 100% fresh and boiled extracts without and with adjuvant (Emulan).  
 Foliar application of fresh and boiled water extracts of sorghum, maize and rice 
without adjuvant performed better at lower concentrations (3-5%) and promoted 
shoot/root lengths, shoot/root fresh and dry weights as compared to the higher 
concentrations of these extracts. While, minimum shoot dry weight was recorded 
with 100% fresh and boiled extracts of rice sorghum and maize with adjuvant 
(Emulan). 
 Addition of an adjuvant (Emulan) was not beneficial in terms of improving the 
efficiency of plant water extracts either fresh or boiled in growth promotion and all 
plant water extracts (sorghum, rice and maize), by addition of adjuvant, suppressed 
the promotive potential of plant water extracts even at low concentration. 
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 Growth of maize seedlings was either equal or less in case of boiled extracts 
(sorghum, rice and maize) application as compared with fresh extracts at lower 
concentrations (3 and 5%).  
 Findings of this bioassay suggest that fresh extracts of sorghum, rice and maize 
plant water extracts may be used at low concentrations for improving growth of 
maize seedlings. 
B-Field Experiments 
Experiment 1: 
 Foliar application of fresh plant extracts (30 and 50 DAS) alone and also in 
combinations at low concentrations (3%) significantly influenced different 
morphological, yield related traits, grain yield, grain quality and chlorophyll 
contents, of maize as compared with control. 
 Growth indices of maize including leaf area index, leaf area duration, crop growth 
rate, and net assimilation rate and also growth and yield attributing parameters 
influenced and promoted by the application of fresh plant water extracts (sorghum, 
rice, maize and moringa) at low concentration in maize under field conditions.  
 Among all the applied fresh plant extracts, combined application of fresh SWE and 
MLE at 3% each showed better growth improvement in all the recorded parameters 
of maize as compared to the sole application of extracts and minimum was found in 
control. 
 Maximum maize grain yield was improved (34.57%) by combined application of 
fresh SWE and MLE each at 3% as compared with control. Combined application 
of MWE and MLE each at 3% gave 33.33% increase in maize grain yield and both 
were statistically at par during the study years.  
 Fresh SWE and MLE combination each at 3% had higher net returns (Rs. 169452 
ha
-1
 and 174295 ha
-1
) followed by MLE alone during 2011 and combined 
application of fresh MWE and MLE during 2012. While MRR was maximum in 
combined application of fresh SWE and MWE during both the years with 
maximum marginal rate of return (220719 & 165069%). 
 
 
133 
 
Experiment 2:  
 Morphological, yield related traits, chlorophyll contents, grain yield, grain quality 
and grain oil contents of maize were significantly affected by the foliar application 
of all boiled plant water extracts at low concentrations alone and also in 
combination with each other and also with moringa extract (fresh) as compared 
with control. 
 Maize growth (leaf area index, leaf area duration, ear length, and number of rows 
per ear, number of grains per ear, 1000-grain weight and harvest index), chlorophyll 
contents and grain quality traits were significantly promoted by the combined 
application of boiled SWE and MWE each at 3% followed by MLE (fresh) at 3% 
alone as compared to control 
 Maize grain yield was promoted (30-36%) by applied treatments and maximum 
increase (36%) was noted by combined application of boiled SWE and MWE each 
at 3% as compared with control followed by MLE (fresh) alone at 3% application 
with increase 30.90% more over control. 
 Among all applied extracts boiled SWE and MWE combination gave higher net 
returns (Rs. 179061 ha
-1
 and 174296 ha
-1
) during both years and it was followed by 
MLE alone during both year of study giving net benefit of Rs. 173832.5 ha
-1 
and 
166825 ha
-1
,
 
respectively. While, Marginal analysis revealed that, combination of 
boiled SWE and MWE were superior among all the plant extracts with maximum 
marginal rate of return (Rs. 20874.4 ha
-1
) followed by combination of boiled RWE 
and SWE (Rs. 14640 ha
-1
), RWE and MWE (Rs. 12070 ha
-1
), SWE and MLE (Rs. 
2924 ha
-1
) and SWE and MWE (Rs. 2894 ha
-1
) during 2011. However, combination 
of boiled SWE and MWE gave maximum MRR (Rs. 327723.53%) during 2012 
followed by boiled SWE (Rs. 9626%) alone. 
Conclusions 
 Combined application of different plant water extracts was more effective than their 
sole application in growth promotion of maize. 
 Foliar application of fresh SWE and MLE each at 3% was the most effective and 
economical treatment with highest net benefits among all the fresh plant water 
extract combinations. 
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 Among the boiled plant water extracts boiled SWE and MWE combination each at 
3% performed better and was economical due to high net return and marginal rate 
of returns. While, other treatments were uneconomical due to higher costs involved 
and concomitantly lower net returns associated with each of these.  
Recommendations for future research 
 Allelopathic water extracts offer better alternative for synthetic plant growth 
regulators as plant water extracts are cost-effective, eco-friendly, efficient, safe 
and easy to use, 
 Fresh plant extracts either alone or in various combinations may be sprayed twice at 
lower concentration (3%) to get good growth and yield of maize. 
 Research efforts may be focused on screening different allelopathic plants for 
their promotery effect.  
 Growth promotion effects of these extracts (sorghum, rice, maize and moringa) 
may be investigated in other crops, fruits and vegetables. 
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ABBREVIATIONS AND ACRONYMS 
@   =  At the rate of  
%   =  Percent  
a.e.  = Acid equivalent 
a. i.   = Active ingredient  
o
C  = Degree centigrade 
CGR   = Crop growth rate  
cm   =  Centimeter (s) 
cv.   = Cultivar  
d   =  Day  
D   =  Dominated  
DAS   =  Days after sowing  
DM   =  Dry matter 
DMA   =  Dry matter accumulation  
DW   =  Dry weight  
Fig   =  Figure (s) 
FW   =  Fresh weight  
g   =  Gram (s) 
g m
-2
   =  Grams per meter square 
g kg
-1  
= Gram per kilogram 
g m
-2
 day
-1
  =  Grams per meter square per day 
h  = hour 
ha
-1
   =  Per hectare  
kg   =  Kilogram (s) 
LAD   =  Leaf area duration  
LAI   =  Leaf area index  
L ha
-1
   =  Liter (s) per hectare 
LSD  = Least significant difference 
m
-2
   =   Per meter square 
Max.   =  Maximum 
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Mg  = Mega grams 
mha  = Million hectare 
Min.   =  Minimum  
mm  = Millimeter (s) 
mM  = Milli mole 
MRR  =  Marginal rate of return  
N   =  Nitrogen  
NS   =  Non significant 
P   =  Phosphorus 
P   =  Probability level 
Plant
-1
   =  Per plant 
ppm   =  Parts per million  
RCBD   =  Randomized complete block design 
R.H.  = Relative humidity  
Rs.   =  Rupees  
SC   =  Suspension concentrate 
Sorgaab = Sorghum water extracts 
t   =  tonne (s) 
Temp.   =  Temperature 
t ha
-1
   =  Tonne (s) per hectare  
µM  =  Micro mole 
V/V   =  Volume by volume  
Wk  = Week 
W/V   =  Weight by volume 
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LABORATORY EXPERIMENT 
Experiment # I 
Appendix  1 (I) Effect of different concentrations of sorgaab on shoot length (cm) of maize seedlings 
                                  Fresh 
Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 34.30 31.30 30.13 95.73 31.91 33.65 28.10 30.40 92.15 30.72 
Sorghum W.E. 100% 30.23 30.05 30.23 90.52 30.17 26.54 28.17 24.57 79.28 26.43 
Sorghum W.E. 50% 31.23 31.23 30.43 92.90 30.97 32.35 32.43 33.23 98.01 32.67 
Sorghum W.E. 25% 32.93 33.23 34.05 100.21 33.40 33.23 33.43 31.17 97.83 32.61 
Sorghum W.E. 10% 34.40 33.98 34.10 102.48 34.16 33.50 33.25 34.67 101.42 33.81 
Sorghum W.E. 5% 35.46 35.43 35.67 106.56 35.52 34.52 33.57 33.99 102.08 34.03 
Sorghum W.E. 3% 37.55 37.99 36.60 112.14 37.38 34.23 34.23 34.23 102.70 34.23 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 29.10 31.90 29.09 90.09 30.03 27.57 28.65 27.89 84.11 28.04 
Sorghum W.E. 100% 23.66 26.68 23.65 73.99 24.66 26.77 26.79 26.88 80.43 26.81 
Sorghum W.E. 50% 32.45 29.90 29.90 92.25 30.75 27.65 30.21 19.33 77.19 25.73 
Sorghum W.E. 25% 30.12 30.02 31.10 91.24 30.41 28.95 28.65 20.93 78.54 26.18 
Sorghum W.E. 10% 32.34 33.46 32.12 97.92 32.64 29.07 29.63 29.08 87.78 29.26 
Sorghum W.E. 5% 35.47 33.66 34.56 103.69 34.56 30.21 30.65 34.02 94.88 31.63 
Sorghum W.E. 3% 35.46 37.68 38.79 111.92 37.31 31.23 31.23 32.12 94.59 31.53 
 
164 
 
Appendix  2(I) Effect of different concentrations of sorgaab on root length (cm) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 29.63 27.90 27.12 84.65 28.22 28.79 27.98 25.54 82.31 27.44 
Sorghum W.E. 100% 26.88 28.12 29.88 84.87 28.29 24.79 24.68 24.57 74.04 24.68 
Sorghum W.E. 50% 30.91 31.34 30.99 93.24 31.08 27.99 25.79 26.79 80.56 26.85 
Sorghum W.E. 25% 33.68 30.12 32.79 96.58 32.19 27.90 26.99 27.90 82.78 27.59 
Sorghum W.E. 10% 35.56 36.77 35.46 107.79 35.93 27.98 29.90 28.77 86.64 28.88 
Sorghum W.E. 5% 40.77 40.00 39.10 119.86 39.95 29.10 30.99 29.10 89.18 29.73 
Sorghum W.E. 3% 41.90 40.87 41.43 124.19 41.40 30.56 29.90 29.08 89.54 29.85 
Boiled 
 
Without adjuvant With adjuvant 
 
Control 29.99 27.55 29.30 86.84 28.95 27.90 28.91 26.67 83.47 27.82 
Sorghum W.E. 100% 24.68 26.77 23.46 74.90 24.97 27.13 26.86 26.79 80.78 26.93 
Sorghum W.E. 50% 29.68 30.13 29.10 88.90 29.63 27.60 26.79 28.90 83.28 27.76 
Sorghum W.E. 25% 30.13 29.28 28.50 87.90 29.30 28.17 31.23 29.10 88.50 29.50 
Sorghum W.E. 10% 32.56 33.56 33.65 99.78 33.26 30.98 29.90 30.91 91.79 30.60 
Sorghum W.E. 5% 37.88 35.87 37.88 111.62 37.21 30.12 32.90 31.07 94.09 31.36 
Sorghum W.E. 3% 37.88 37.45 39.09 114.42 38.14 30.21 30.99 33.00 94.20 31.40 
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Appendix  3 (I) Effect of different concentrations of sorgaab on shoot fresh weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 1113 988 948 3049 1016 990 873 990 2853 951 
Sorghum W.E. 100% 1085 995 975 3055 1018 777 807 687 2271 757 
Sorghum W.E. 50% 1008 1032 1033 3073 1024 1067 1068 1069 3204 1068 
Sorghum W.E. 25% 1169 1168 1167 3504 1168 1087 1089 1086 3262 1087 
Sorghum W.E. 10% 1230 1242 1230 3702 1234 1226 1228 1225 3679 1226 
Sorghum W.E. 5% 1300 1320 1310 3930 1310 1190 1210 1280 3680 1227 
Sorghum W.E. 3% 1390 1330 1340 4060 1353 1288 1287 1289 3864 1288 
                                  Boiled 
 
Without adjuvant With adjuvant  
Control 1010 1032 1050 3092 1031 1000 1000 1001 3001 1000 
Sorghum W.E. 100% 1000 1001 1000 3001 1000 889 998 999 2886 962 
Sorghum W.E. 50% 1119 1110 1121 3350 1117 1013 1012 1011 3036 1012 
Sorghum W.E. 25% 1112 1221 1112 3445 1148 1013 1014 1015 3042 1014 
Sorghum W.E. 10% 1112 1113 1220 3445 1148 1045 1045 1046 3136 1045 
Sorghum W.E. 5% 1230 1240 1230 3700 1233 1054 1055 1056 3165 1055 
Sorghum W.E. 3% 1320 1310 1300 3930 1310 1050 1056 1058 3164 1055 
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Appendix  4 (I) Effect of different concentrations of sorgaab on root fresh weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 1020 1022 1024 3066 1022 717 703 1047 2467 822 
Sorghum W.E. 100% 999 987 1009 2995 998 1000 999 987 2986 995 
Sorghum W.E. 50% 1000 1158 1000 3158 1053 963 1130 950 3043 1014 
Sorghum W.E. 25% 1100 1098 1095 3293 1098 1010 1117 1021 3148 1049 
Sorghum W.E. 10% 1310 1330 1320 3960 1320 1033 1098 1207 3338 1113 
Sorghum W.E. 5% 1328 1327 1330 3985 1328 1210 1223 1221 3654 1218 
Sorghum W.E. 3% 1442 1440 1430 4312 1437 1230 1230 1210 3670 1223 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 1000 1023 1000 3023 1008 1100 1100 1100 3300 1100 
Sorghum W.E. 100% 978 965 950 2893 964 856 786 765 2407 802 
Sorghum W.E. 50% 1213 1123 1070 3406 1135 1065 1030 1050 3145 1048 
Sorghum W.E. 25% 1210 1210 1160 3580 1193 1200 1210 1211 3621 1207 
Sorghum W.E. 10% 1112 1110 1210 3432 1144 1140 1020 1230 3390 1130 
Sorghum W.E. 5% 1230 1210 1240 3680 1227 1120 1210 1220 3550 1183 
Sorghum W.E. 3% 1320 1300 1330 3950 1317 1150 1180 1120 3450 1150 
 
  
167 
 
 
Appendix  5 (I) Effect of different concentrations of sorgaab on shoot dry weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 102 100 100 302 101 75 73 71 219 73 
Sorghum W.E. 100% 80 73 67 220 73 70 60 83 213 71 
Sorghum W.E. 50% 73 60 67 200 67 80 80 73 233 78 
Sorghum W.E. 25% 112 114 113 339 113 102 110 100 312 104 
Sorghum W.E. 10% 104 114 112 330 110 100 102 100 302 101 
Sorghum W.E. 5% 111 105 110 326 109 110 113 111 334 111 
Sorghum W.E. 3% 132 129 130 391 130 114 112 112 338 113 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 102 101 102 305 102 123 77 80 280 93 
Sorghum W.E. 100% 100 93 98 291 97 90 99 80 269 90 
Sorghum W.E. 50% 102 109 105 316 105 110 100 110 320 107 
Sorghum W.E. 25% 109 108 108 325 108 110 111 112 333 111 
Sorghum W.E. 10% 123 124 124 371 124 104 107 101 312 104 
Sorghum W.E. 5% 126 124 125 375 125 123 109 107 339 113 
Sorghum W.E. 3% 134 135 136 405 135 109 102 107 318 106 
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Appendix  6 (I) Effect of different concentrations of sorgaab on root dry weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 125 127 125 378 126 124 121 123 368 123 
Sorghum W.E. 100% 123 111 137 371 124 97 97 110 303 101 
Sorghum W.E. 50% 132 120 132 384 128 109 100 108 317 106 
Sorghum W.E. 25% 133 134 133 400 133 116 123 127 366 122 
Sorghum W.E. 10% 131 133 132 396 132 124 129 130 383 128 
Sorghum W.E. 5% 145 139 145 429 143 131 129 132 392 131 
Sorghum W.E. 3% 145 141 145 431 144 132 132 134 398 133 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 120 124 123 368 123 100 100 100 300 100 
Sorghum W.E. 100% 115 112 122 349 116 99 89 98 286 95 
Sorghum W.E. 50% 115 113 125 353 118 103 102 105 310 103 
Sorghum W.E. 25% 122 123 126 371 124 106 105 108 319 106 
Sorghum W.E. 10% 132 128 133 393 131 109 109 112 330 110 
Sorghum W.E. 5% 133 132 135 400 133 110 121 110 341 114 
Sorghum W.E. 3% 140 144 142 426 142 120 132 129 381 127 
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Experiment # II 
Appendix  1 (II) Effect of different concentrations of maize extract on shoot length of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 29.73 30.74 30.75 91.22 30.41 30.10 29.19 30.12 89.41 29.80 
Maize W.E. 100% 26.63 28.90 28.54 84.07 28.02 26.63 27.39 28.78 82.80 27.60 
Maize W.E. 50% 29.89 29.89 28.99 88.77 29.59 30.00 29.90 26.99 86.89 28.96 
Maize W.E. 25% 30.00 31.09 29.99 91.08 30.36 29.88 31.90 29.98 91.76 30.59 
Maize W.E. 10% 37.12 32.09 33.12 102.33 34.11 31.12 30.12 30.23 91.47 30.49 
Maize W.E. 5% 36.78 38.90 37.76 113.44 37.81 30.12 30.33 30.78 91.23 30.41 
Maize W.E. 3% 40.01 40.12 40.22 120.35 40.12 31.12 32.12 30.02 93.26 31.09 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 32.21 31.30 29.09 92.60 30.87 29.08 28.10 30.40 87.57 29.19 
Maize W.E. 100% 29.09 30.12 28.83 88.04 29.35 26.88 28.99 27.99 83.85 27.95 
Maize W.E. 50% 30.11 30.21 30.16 90.48 30.16 29.57 30.21 29.88 89.65 29.88 
Maize W.E. 25% 32.19 32.23 34.13 98.55 32.85 31.23 30.91 31.23 93.37 31.12 
Maize W.E. 10% 34.72 32.61 34.73 102.06 34.02 33.85 33.55 32.88 100.28 33.43 
Maize W.E. 5% 38.43 38.54 36.43 113.41 37.80 33.27 34.57 34.07 101.90 33.97 
Maize W.E. 3% 39.09 39.00 39.15 117.24 39.08 33.99 32.11 33.20 99.30 33.10 
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Appendix  2 (II) Effect of different concentrations of maize water extract on root length (cm) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 30.88 30.88 31.10 92.85 30.95 28.00 25.96 26.96 80.92 26.97 
Maize W.E. 100% 28.43 28.79 27.43 84.64 28.21 24.08 25.00 25.88 74.96 24.99 
Maize W.E. 50% 30.10 33.65 31.80 95.55 31.85 27.13 29.41 28.12 84.66 28.22 
Maize W.E. 25% 34.65 33.56 32.65 100.87 33.62 27.65 29.60 28.98 86.23 28.74 
Maize W.E. 10% 32.56 34.77 34.88 102.21 34.07 30.02 30.12 29.09 89.23 29.74 
Maize W.E. 5% 36.89 38.09 37.98 112.96 37.65 31.02 30.23 30.12 91.37 30.46 
Maize W.E. 3% 38.09 39.09 37.98 115.16 38.39 32.09 32.50 31.21 95.80 31.93 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 30.09 27.80 32.14 90.03 30.01 29.89 28.52 29.10 87.51 29.17 
Maize W.E. 100% 29.23 27.15 24.00 80.38 26.79 26.99 27.90 27.99 82.87 27.62 
Maize W.E. 50% 30.10 30.10 31.23 91.43 30.48 29.99 30.02 29.90 89.91 29.97 
Maize W.E. 25% 31.23 32.91 32.10 96.24 32.08 30.99 30.99 31.30 93.27 31.09 
Maize W.E. 10% 38.99 36.99 36.56 112.54 37.51 30.99 30.26 31.24 92.48 30.83 
Maize W.E. 5% 36.57 38.91 36.54 112.02 37.34 31.24 30.99 29.09 91.31 30.44 
Maize W.E. 3% 36.79 37.88 38.99 113.65 37.88 30.91 30.95 31.23 93.09 31.03 
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Appendix  3(II) Effect of different concentrations of maize on shoot fresh weight (mg) of maize seedling 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Mean R1 R2 R3 Total Mean 
Control 1050 1052 1053 3155 1052 1049 1046 1045 3140 1047 
Maize W.E. 100% 1005 1001 1048 3054 1018 999 899 1001 2899 966 
Maize W.E. 50% 1044 1024 1013 3081 1027 1067 1068 1069 3204 1068 
Maize W.E. 25% 1168 1173 1187 3528 1176 1087 1099 1066 3252 1084 
Maize W.E. 10% 1216 1314 1214 3744 1248 1226 1228 1225 3679 1226 
Maize W.E. 5% 1342 1359 1330 4031 1344 1221 1291 1238 3750 1250 
Maize W.E. 3% 1358 1394 1391 4143 1381 1298 1273 1239 3810 1270 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 1010 1009 1071 3090 1004 1003 1002 3009 1003 1004 
Maize W.E. 100% 1000 1000 1000 3000 962 961 999 2922 974 962 
Maize W.E. 50% 1114 1123 1115 3352 1019 1009 1009 3037 1012 1019 
Maize W.E. 25% 1145 1150 1150 3445 1015 1018 1013 3046 1015 1015 
Maize W.E. 10% 1150 1145 1150 3445 1054 1030 1051 3135 1045 1054 
Maize W.E. 5% 1234 1234 1230 3698 1040 1049 1066 3155 1052 1040 
Maize W.E. 3% 1312 1315 1314 3941 1064 1065 1063 3192 1064 1064 
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Appendix  4 (II) Effect of different concentrations of maize on root fresh weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 1055 1056 1058 3169 1056 1012 1012 1013 3037 1012 
Maize W.E. 100% 1044 1050 1053 3147 1049 1009 1010 1012 3031 1010 
Maize W.E. 50% 1040 1042 1043 3125 1042 1012 1010 1014 3036 1012 
Maize W.E. 25% 1055 1054 1056 3165 1055 1012 1011 1015 3038 1013 
Maize W.E. 10% 1056 1057 1058 3171 1057 1157 1146 1149 3452 1151 
Maize W.E. 5% 1209 1215 1214 3638 1213 1154 1147 1156 3457 1152 
Maize W.E. 3% 1344 1346 1348 4038 1346 1153 1155 1165 3473 1158 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 1009 1005 1011 3025 1008 1012 1012 1010 3034 1011 
Maize W.E. 100% 967 969 972 2908 969 867 999 987 2853 951 
Maize W.E. 50% 1010 1011 1012 3033 1011 1012 1010 1014 3036 1012 
Maize W.E. 25% 1088 1089 1087 3264 1088 1012 1011 1018 3041 1014 
Maize W.E. 10% 1101 1102 1103 3306 1102 1157 1146 1139 3442 1147 
Maize W.E. 5% 1133 1131 1132 3396 1132 1154 1147 1146 3447 1149 
Maize W.E. 3% 1322 1320 1321 3963 1321 1153 1155 1155 3463 1154 
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Appendix  5 (II) Effect of different concentrations of maize water extract on shoot dry weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 100 103 101 304 101 91 93 92 276 92 
Maize W.E. 100% 83 82 81 246 82 74 73 72 219 73 
Maize W.E. 50% 95 99 98 292 97 97 98 96 291 97 
Maize W.E. 25% 102 105 106 313 104 104 103 105 312 104 
Maize W.E. 10% 127 126 125 378 126 106 106 107 319 106 
Maize W.E. 5% 135 134 136 405 135 111 110 112 333 111 
Maize W.E. 3% 143 144 145 432 144 120 119 118 357 119 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 101 104 103 308 103 88 88 91 267 89 
Maize W.E. 100% 96 94 95 285 95 77 78 79 234 78 
Maize W.E. 50% 101 105 101 307 102 82 81 81 244 81 
Maize W.E. 25% 103 104 112 319 106 102 104 89 295 98 
Maize W.E. 10% 115 112 111 338 113 102 101 103 306 102 
Maize W.E. 5% 125 127 129 381 127 101 104 102 307 102 
Maize W.E. 3% 139 141 142 422 141 113 110 112 335 112 
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Appendix  6 (II) Effect of different concentrations of maize on root dry weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 112 124 117 353 118 105 108 106 319 106 
Maize W.E. 100% 100 97 96 293 98 98 90 99 287 96 
Maize W.E. 50% 112 113 115 340 113 103 102 101 306 102 
Maize W.E. 25% 113 115 116 344 115 105 106 105 316 105 
Maize W.E. 10% 118 119 117 354 118 121 120 120 361 120 
Maize W.E. 5% 138 140 136 414 138 125 110 128 363 121 
Maize W.E. 3% 148 151 147 446 149 125 122 124 371 124 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 89 122 137 348 116 101 105 105 311 104 
Maize W.E. 100% 102 99 109 310 103 99 100 89 288 96 
Maize W.E. 50% 105 105 103 313 104 102 101 103 306 102 
Maize W.E. 25% 123 137 135 395 132 101 102 103 306 102 
Maize W.E. 10% 123 127 121 371 124 103 105 110 318 106 
Maize W.E. 5% 138 137 139 414 138 120 115 120 355 118 
Maize W.E. 3% 145 145 142 432 144 122 121 121 364 121 
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Experiment # III 
Appendix  1 (III) Effect of different concentrations of rice water extract on shoot length (cm) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 30.09 30.12 30.32 90.53 30.18 30.12 28.10 30.11 88.33 29.44 
Rice W.E. 100% 26.54 25.67 25.34 77.55 25.85 27.60 33.65 27.87 89.12 29.71 
Rice W.E. 50% 29.77 29.76 29.89 89.42 29.81 30.12 30.43 31.50 92.05 30.68 
Rice W.E. 25% 32.12 33.21 32.23 97.56 32.52 32.43 30.98 30.21 93.62 31.21 
Rice W.E. 10% 32.98 32.70 33.00 98.68 32.89 32.23 31.21 32.07 95.51 31.84 
Rice W.E. 5% 35.73 35.43 36.45 107.61 35.87 31.24 31.23 31.22 93.69 31.23 
Rice W.E. 3% 38.98 37.89 37.76 114.63 38.21 31.22 31.24 31.25 93.71 31.24 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 31.26 31.24 31.23 93.73 31.24 28.78 28.65 28.78 86.21 28.74 
Rice W.E. 100% 28.90 24.65 30.13 83.68 27.89 28.54 28.80 27.65 84.99 28.33 
Rice W.E. 50% 33.23 31.32 31.29 95.84 31.95 28.51 29.63 28.51 86.65 28.88 
Rice W.E. 25% 30.12 31.20 30.12 91.44 30.48 29.65 29.12 30.12 88.89 29.63 
Rice W.E. 10% 33.45 33.45 33.23 100.13 33.38 28.63 29.65 28.65 86.93 28.98 
Rice W.E. 5% 33.65 33.56 34.54 101.75 33.92 32.02 30.15 28.51 90.68 30.23 
Rice W.E. 3% 36.65 36.54 36.75 109.94 36.65 32.25 33.36 31.23 96.84 32.28 
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Appendix  2 (III) Effect of different concentrations of rice water extract on root length (cm) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Average R1 R2 R3 Total Average 
Control 29.63 27.90 27.12 84.65 28.22 26.87 27.87 27.85 82.59 27.53 
Rice W.E. 100% 26.88 28.12 29.88 84.87 28.29 27.56 26.86 26.76 81.18 27.06 
Rice W.E. 50% 30.91 31.34 30.99 93.24 31.08 27.60 26.79 28.90 83.28 27.76 
Rice W.E. 25% 33.68 30.12 32.79 96.58 32.19 30.09 31.23 29.10 90.42 30.14 
Rice W.E. 10% 33.45 32.45 33.54 99.44 33.15 30.98 29.90 30.91 91.79 30.60 
Rice W.E. 5% 34.23 35.43 34.12 103.78 34.59 31.23 32.97 31.10 95.30 31.77 
Rice W.E. 3% 39.06 40.87 39.67 119.60 39.87 33.23 33.12 33.00 99.35 33.12 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 30.12 30.03 30.04 90.19 30.06 28.79 27.98 25.54 82.31 27.44 
Rice W.E. 100% 24.65 28.11 26.67 79.43 26.48 24.79 24.68 24.57 74.04 24.68 
Rice W.E. 50% 31.23 31.34 31.23 93.80 31.27 27.99 25.79 26.79 80.56 26.85 
Rice W.E. 25% 33.68 32.34 33.21 99.23 33.08 27.90 26.99 27.90 82.78 27.59 
Rice W.E. 10% 34.76 34.65 34.56 103.97 34.66 27.98 29.90 28.77 86.64 28.88 
Rice W.E. 5% 36.78 36.54 36.75 110.07 36.69 29.10 30.99 29.10 89.18 29.73 
Rice W.E. 3% 38.90 40.87 39.98 119.75 39.92 30.56 29.90 29.08 89.54 29.85 
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Appendix  3 (III) Effect of different concentrations of rice water extract on shoot fresh weight (mg) of maize 
Treatments 
 Fresh 
Without adjuvant With adjuvant 
 
R1 R2 R3 Total 
Averag
e R1 R2 R3 Total 
Averag
e 
Control 1009 1003 1025 3037 1012 1003 1002 1001 3006 1002 
Rice W.E. 100% 908 869 995 2772 924 878 996 887 2761 920 
Rice W.E. 50% 1119 1115 1121 3355 1118 1015 1014 1012 3041 1014 
Rice W.E. 25% 1149 1154 1150 3453 1151 1013 1014 1017 3044 1015 
Rice W.E. 10% 1224 1225 1223 3672 1224 1047 1048 1049 3144 1048 
Rice W.E. 5% 1310 1290 1312 3912 1304 1057 1055 1056 3168 1056 
Rice W.E. 3% 1387 1390 1378 4155 1385 1059 1056 1058 3173 1058 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 1023 1021 1210 3254 1085 1008 1004 1005 3017 1006 
Rice W.E. 100% 998 995 975 2968 989 777 807 881 2465 822 
Rice W.E. 50% 1113 1112 1114 3339 1113 1066 1069 1076 3211 1070 
Rice W.E. 25% 1170 1171 1172 3513 1171 1090 1091 1093 3274 1091 
Rice W.E. 10% 1290 1293 1294 3877 1292 1226 1228 1225 3679 1226 
Rice W.E. 5% 1391 1392 1390 4173 1391 1231 1210 1280 3721 1240 
Rice W.E. 3% 1410 1412 1416 4238 1413 1288 1287 1256 3831 1277 
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Appendix 4 (III) Effect of different concentrations of rice water extract on root fresh weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Mean R1 R2 R3 Total Mean 
Control 1013 1014 1015 3042 1014 897 899 898 2694 898 
Rice W.E. 100% 830 831 830 2491 830 856 857 854 2567 856 
Rice W.E. 50% 1118 1117 1119 3354 1118 1031 1032 1031 3094 1031 
Rice W.E. 25% 1298 1297 1299 3894 1298 1033 1034 1032 3099 1033 
Rice W.E. 10% 1338 1343 1340 4021 1340 1003 1098 1207 3308 1103 
Rice W.E. 5% 1339 1341 1340 4020 1340 1235 1234 1221 3690 1230 
Rice W.E. 3% 1424 1425 1426 4275 1425 1235 1230 1260 3725 1242 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 1000 1013 1043 3056 1019 1000 1005 1000 3005 1002 
Rice W.E. 100% 1000 1017 950 2967 989 1000 1010 1000 3010 1003 
Rice W.E. 50% 1213 1123 1170 3506 1169 1048 1030 1050 3128 1043 
Rice W.E. 25% 1210 1210 1260 3680 1227 1200 1210 1211 3621 1207 
Rice W.E. 10% 1211 1240 1250 3701 1234 1140 1020 1230 3390 1130 
Rice W.E. 5% 1345 1332 1335 4012 1337 1231 1210 1220 3661 1220 
Rice W.E. 3% 1441 1442 1443 4326 1442 1216 1212 1270 3698 1233 
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Appendix  3 (III) Effect of different concentrations of rice water extract on shoot dry weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Mean R1 R2 R3 Total Mean 
Control 105 104 106 315 105 76 78 77 231 77 
Rice W.E. 100% 79 89 89 257 86 70 60 83 213 71 
Rice W.E. 50% 89 99 98 286 95 80 80 73 233 78 
Rice W.E. 25% 116 117 117 350 117 104 105 103 312 104 
Rice W.E. 10% 125 126 125 376 125 110 112 111 333 111 
Rice W.E. 5% 128 125 132 385 128 119 121 120 360 120 
Rice W.E. 3% 138 139 137 414 138 123 122 123 368 123 
                                  Boiled 
 
Without adjuvant With adjuvant 
 Control 101 101 102 304 101 103 97 89 289 96 
Rice W.E. 100% 80 93 96 269 90 90 90 80 260 87 
Rice W.E. 50% 102 104 105 311 104 110 103 110 323 108 
Rice W.E. 25% 109 108 110 327 109 110 111 112 333 111 
Rice W.E. 10% 127 125 127 379 126 106 107 106 319 106 
Rice W.E. 5% 126 126 127 379 126 113 119 117 349 116 
Rice W.E. 3% 136 135 137 408 136 119 122 117 358 119 
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Appendix  6 (III) Effect of different concentrations of rice water extract on root dry weight (mg) of maize seedlings 
                                  Fresh 
 Treatments 
  
Without adjuvant With adjuvant 
R1 R2 R3 Total Mean R1 R2 R3 Total Mean 
Control 112 109 111 332 111 105 102 106 313 104 
Rice W.E. 100% 80 78 98 256 85 101 101 101 303 101 
Rice W.E. 50% 115 113 125 353 118 103 104 105 312 104 
Rice W.E. 25% 122 123 124 369 123 116 117 115 348 116 
Rice W.E. 10% 132 136 135 403 134 125 126 127 378 126 
Rice W.E. 5% 141 144 143 428 143 128 128 127 383 128 
Rice W.E. 3% 147 146 148 441 147 129 128 130 387 129 
                                  Boiled 
 
Without adjuvant With adjuvant 
 
Control 103 103 102 308 103 104 111 103 318 106 
Rice W.E. 100% 103 101 99 303 101 97 97 110 303 101 
Rice W.E. 50% 112 116 112 340 113 109 100 108 317 106 
Rice W.E. 25% 123 124 123 370 123 116 111 110 337 112 
Rice W.E. 10% 131 133 132 396 132 114 116 117 347 116 
Rice W.E. 5% 145 139 145 429 143 118 116 115 349 116 
Rice W.E. 3% 145 141 145 431 144 120 121 122 363 121 
 
  
181 
 
Field Experiment # 1 
Appendix  1 (I) Effect of various fresh allelopathic plant water extracts on LAI of maize at 35 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 0.99 1.02 1.81 0.64 1.11 0.88 0.85 0.67 1.05 0.86 
Water spray 1.34 1.16 0.79 1.38 1.17 1.13 0.99 0.78 1.01 0.98 
Rice water extract (RWE) 1.29 1.19 1.00 1.51 1.25 1.00 1.09 1.41 1.25 1.19 
Sorghum water extract (SWE) 1.36 1.22 1.04 1.44 1.27 1.07 1.05 1.46 1.31 1.22 
Maize water extract (MWE) 1.45 1.32 1.45 1.28 1.38 1.20 1.28 1.16 1.21 1.21 
Moringa leaf extract (MLE) 1.34 1.24 1.42 1.47 1.37 1.24 1.59 1.52 1.37 1.43 
RWE + SWE 1.42 1.09 1.27 1.24 1.26 1.15 1.27 1.62 1.33 1.34 
RWE + MWE 1.23 1.32 1.44 1.32 1.33 1.03 1.38 1.46 1.45 1.33 
RWE + MLE 1.36 1.16 1.32 1.38 1.31 1.05 1.06 1.65 1.04 1.20 
SWE + MWE 1.21 1.32 1.40 1.40 1.33 1.15 1.12 1.74 1.46 1.37 
SWE + MLE 1.59 1.40 1.47 1.09 1.39 1.28 1.58 1.68 1.29 1.46 
MWE+MLE 1.39 1.56 1.34 1.11 1.35 1.34 1.38 1.73 1.27 1.43 
 
Appendix  2 (I) Effect of various fresh allelopathic plant water extracts on LAI of maize at 50 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.53 2.84 2.67 2.09 2.53 1.90 1.95 1.97 1.97 1.95 
Water spray 2.61 2.89 2.87 2.44 2.70 2.16 2.10 2.13 2.20 2.15 
Rice water extract (RWE) 2.87 2.83 2.81 2.88 2.85 2.54 2.53 2.52 2.55 2.54 
Sorghum water extract (SWE) 2.92 2.84 2.86 2.89 2.88 2.32 2.31 2.25 2.27 2.29 
Maize water extract (MWE) 2.90 2.94 2.93 2.88 2.91 2.34 2.31 2.35 2.34 2.34 
Moringa leaf extract (MLE) 3.19 3.14 3.23 3.21 3.19 2.99 2.93 3.03 3.02 2.99 
RWE + SWE 3.07 3.16 3.11 3.09 3.11 2.27 2.32 2.90 2.36 2.46 
RWE + MWE 3.04 3.00 3.02 3.01 3.02 2.44 2.43 2.45 2.42 2.43 
RWE + MLE 2.99 2.95 2.94 2.91 2.95 2.37 2.40 2.35 2.38 2.38 
SWE + MWE 3.14 3.03 3.15 3.10 3.10 2.46 2.43 2.41 2.44 2.44 
SWE + MLE 3.20 3.29 3.25 3.24 3.25 3.05 3.11 3.08 3.12 3.09 
MWE+MLE 3.12 3.09 3.25 3.16 3.16 2.87 2.78 2.71 2.75 2.78 
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Appendix  3 (I) Effect of various fresh allelopathic plant water extracts on LAI of maize at 65 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 3.45 3.41 3.46 3.41 3.43 3.50 3.34 3.42 3.58 3.46 
Water spray 3.58 3.24 3.85 3.65 3.58 3.66 3.69 3.65 3.61 3.65 
Rice water extract (RWE) 3.91 3.88 3.87 3.90 3.89 4.34 4.36 4.33 4.35 4.35 
Sorghum water extract (SWE) 4.23 4.21 4.19 4.22 4.21 3.86 3.88 3.86 3.87 3.87 
Maize water extract (MWE) 4.23 4.02 4.11 4.10 4.12 3.88 3.80 3.81 3.82 3.83 
Moringa leaf extract (MLE) 4.49 4.55 4.52 4.51 4.52 4.69 4.67 4.71 4.70 4.69 
RWE + SWE 4.18 4.13 4.11 4.16 4.15 4.10 4.12 4.13 4.11 4.12 
RWE + MWE 4.35 4.42 4.13 4.65 4.39 3.32 3.93 4.21 4.68 4.04 
RWE + MLE 4.34 4.33 4.30 4.32 4.32 3.89 4.39 4.69 3.91 4.22 
SWE + MWE 4.05 4.15 4.25 4.23 4.17 4.19 4.15 4.17 4.16 4.17 
SWE + MLE 4.62 4.61 4.64 4.62 4.62 4.90 4.83 4.85 4.88 4.87 
MWE+MLE 4.58 4.95 4.06 4.45 4.51 4.66 4.61 4.65 4.51 4.61 
 
Appendix  4 (I) Effect of various fresh allelopathic plant water extracts on LAI of maize at 80 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.89 3.02 2.85 3.65 3.10 3.01 3.05 2.99 3.04 3.02 
Water spray 3.18 3.19 3.24 3.21 3.21 3.16 3.10 3.06 3.05 3.09 
Rice water extract (RWE) 3.29 3.35 3.36 3.33 3.33 3.83 3.86 3.87 3.88 3.86 
Sorghum water extract (SWE) 3.78 3.68 3.56 3.55 3.64 3.29 3.37 3.34 3.34 3.34 
Maize water extract (MWE) 3.46 3.62 3.57 3.52 3.54 3.41 3.43 3.37 3.44 3.41 
Moringa leaf extract (MLE) 4.01 4.02 4.07 4.05 4.04 4.31 4.32 4.35 4.29 4.32 
RWE + SWE 3.70 3.59 3.85 3.92 3.77 3.73 3.74 3.76 3.66 3.72 
RWE + MWE 3.84 3.53 3.74 3.95 3.77 3.56 3.54 3.57 3.51 3.55 
RWE + MLE 3.88 4.08 3.95 3.53 3.86 3.71 3.73 3.68 3.73 3.71 
SWE + MWE 3.94 3.93 3.42 3.63 3.73 3.71 3.65 3.67 3.68 3.68 
SWE + MLE 4.14 4.10 3.82 4.39 4.11 4.43 4.51 4.51 4.44 4.47 
MWE+MLE 3.98 3.94 4.23 3.60 3.94 4.22 4.19 4.21 4.17 4.20 
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Appendix  5 (I) Effect of various fresh allelopathic plant water extracts on LAI of maize at 95 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.53 2.51 2.52 2.48 2.51 2.41 2.52 2.37 2.29 2.40 
Water spray 2.63 2.65 2.68 2.70 2.67 2.66 2.61 2.60 2.55 2.60 
Rice water extract (RWE) 2.85 2.82 2.81 2.77 2.81 3.34 3.36 3.39 3.37 3.37 
Sorghum water extract (SWE) 2.97 2.89 2.91 2.93 2.93 2.83 2.81 2.80 2.76 2.80 
Maize water extract (MWE) 2.91 2.83 2.93 2.86 2.88 2.97 2.93 2.91 2.97 2.95 
Moringa leaf extract (MLE) 3.34 3.38 3.34 3.38 3.36 3.84 3.76 3.76 3.78 3.79 
RWE + SWE 3.07 3.14 3.09 3.15 3.11 3.29 3.33 3.32 3.34 3.32 
RWE + MWE 2.88 2.90 2.83 2.80 2.85 3.09 3.07 3.09 3.10 3.09 
RWE + MLE 3.21 3.22 3.18 3.24 3.21 3.21 3.33 3.28 3.27 3.27 
SWE + MWE 3.04 2.99 2.95 2.97 2.99 3.19 3.20 3.23 3.29 3.23 
SWE + MLE 3.45 3.35 3.45 3.39 3.41 3.89 3.95 3.86 3.84 3.89 
MWE+MLE 3.31 3.33 3.36 3.32 3.33 3.67 3.69 3.66 3.70 3.68 
 
Appendix  6 (I) Effect of various fresh allelopathic plant water extracts on TDM of maize at 35 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 239 238 236 239 238 214 228 227 224 223 
Water spray 297 284 296 302 295 270 273 276 274 273 
Rice water extract (RWE) 321 332 311 332 324 269 324 316 359 317 
Sorghum water extract (SWE) 331 333 335 330 332 312 318 251 315 299 
Maize water extract (MWE) 352 334 354 350 348 404 360 289 285 334 
Moringa leaf extract (MLE) 321 347 313 335 329 283 416 341 422 365 
RWE + SWE 332 303 341 317 323 304 303 315 354 319 
RWE + MWE 342 340 353 332 342 313 308 427 333 345 
RWE + MLE 335 337 340 343 339 322 393 347 298 340 
SWE + MWE 349 356 377 341 356 363 347 286 282 320 
SWE + MLE 364 358 348 361 358 335 334 531 321 380 
MWE+MLE 340 341 344 345 343 339 349 359 349 349 
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Appendix  7 (I) Effect of various fresh allelopathic plant water extracts on TDM of maize at 50 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 401 406 408 392 402 534 396 512 429 468 
Water spray 490 480 504 502 494 710 689 662 564 656 
Rice water extract (RWE) 560 588 584 599 583 638 761 774 891 766 
Sorghum water extract (SWE) 714 605 539 655 628 667 577 665 818 682 
Maize water extract (MWE) 613 586 685 654 635 842 860 722 675 775 
Moringa leaf extract (MLE) 725 723 706 728 721 672 875 834 985 841 
RWE + SWE 598 593 583 593 592 764 764 748 728 751 
RWE + MWE 683 599 707 626 654 810 675 803 785 768 
RWE + MLE 633 636 637 629 633 876 786 767 674 776 
SWE + MWE 515 593 698 638 611 831 854 688 713 772 
SWE + MLE 777 736 765 774 763 859 765 977 818 855 
MWE+MLE 698 710 720 725 713 769 743 937 849 824 
 
Appendix  8 (I) Effect of various fresh allelopathic plant water extracts on TDM of maize at 65 DAS 
Treatments   
2011 
    
2012 
  
R1 R2 R3 R4 
Averag
e R1 R2 R3 R4 
Averag
e 
Control 751 1012 872 746 845 793 876 739 1002 853 
Water spray 839 890 1162 998 972 999 1003 1121 1213 1084 
Rice water extract (RWE) 990 1121 1107 1076 1074 1232 1321 1213 1231 1249 
Sorghum water extract (SWE) 1231 1190 1001 1042 1116 1215 1254 1123 1111 1176 
Maize water extract (MWE) 1202 1146 1041 1089 1120 1142 1324 1235 1290 1248 
Moringa leaf extract (MLE) 1254 1264 1151 1231 1225 1325 1435 1423 1312 1374 
RWE + SWE 1142 955 1183 928 1052 1253 1232 1167 1267 1230 
RWE + MWE 1368 912 1241 1037 1139 1129 1321 1121 1325 1224 
RWE + MLE 1371 1183 1030 1142 1182 1236 1324 1281 1321 1291 
SWE + MWE 1181 1147 1231 1166 1181 1324 1478 1232 1243 1319 
SWE + MLE 1243 1318 1155 1369 1271 1559 1465 1432 1325 1445 
MWE+MLE 1128 1134 1252 1296 1203 1321 1432 1232 1313 1325 
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Appendix  9 (I) Effect of various fresh allelopathic plant water extracts on TDM of maize at 80 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 1221 1254 1176 1169 1205 1324 1213 1213 897 1162 
Water spray 1245 1190 1543 1406 1346 1456 1432 1432 1276 1399 
Rice water extract (RWE) 1432 1543 1435 1435 1461 1654 1564 1657 1621 1624 
Sorghum water extract (SWE) 1654 1564 1435 1321 1494 1576 1576 1465 1456 1518 
Maize water extract (MWE) 1456 1376 1354 1852 1509 1654 1543 1734 1454 1596 
Moringa leaf extract (MLE) 1634 1807 1292 1873 1652 1644 1876 1765 1654 1735 
RWE + SWE 1477 1225 1654 1435 1448 1645 1543 1643 1555 1597 
RWE + MWE 1634 1454 1657 1478 1556 1678 1543 1632 1675 1632 
RWE + MLE 1697 1546 1578 1562 1596 1654 1489 1765 1654 1641 
SWE + MWE 1628 1807 1643 1350 1607 1654 1587 1675 1768 1671 
SWE + MLE 1645 1865 1541 1786 1709 1867 1987 1789 1876 1880 
MWE+MLE 1520 1654 1654 1765 1648 1564 1654 1897 1767 1721 
 
Appendix  10 (I) Effect of various fresh allelopathic plant water extracts on TDM of maize at 95 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 1467 1361 1453 1435 1429 1516 1411 1434 1112 1368 
Water spray 1675 1745 1432 1453 1576 1699 1653 1691 1510 1638 
Rice water extract (RWE) 1675 1677 1897 1643 1723 1908 1796 1955 1953 1903 
Sorghum water extract (SWE) 1765 1654 1768 1876 1766 1865 1863 1786 1812 1832 
Maize water extract (MWE) 2132 1654 1665 1783 1809 2018 1897 2046 1808 1942 
Moringa leaf extract (MLE) 1987 1980 1987 1987 1985 2032 2299 2163 2019 2128 
RWE + SWE 1719 1876 1453 1972 1755 2001 1919 1987 1942 1962 
RWE + MWE 1765 1987 1762 1876 1848 2023 1919 1997 2041 1995 
RWE + MLE 1786 1876 1887 1987 1884 2030 1863 2130 2008 2008 
SWE + MWE 1568 1987 2190 1783 1882 2010 2019 2098 2099 2056 
SWE + MLE 2132 1879 2134 1978 2031 2210 2363 2151 2230 2239 
MWE+MLE 2134 1546 2135 1875 1923 1897 1965 2272 2199 2083 
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Appendix  11 (I) Effect of various fresh allelopathic plant water extracts on CGR of maize at 35-50 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 15.24 19.01 15.35 18.06 16.91 18.03 16.20 18.01 16.59 17.21 
Water spray 16.90 19.67 16.77 18.55 17.97 18.98 18.97 16.58 16.62 17.79 
Rice water extract (RWE) 21.05 19.03 20.77 22.51 20.84 16.51 18.98 17.56 18.56 17.90 
Sorghum water extract (SWE) 24.52 21.30 20.42 22.22 22.12 20.12 23.25 22.12 22.12 21.90 
Maize water extract (MWE) 22.05 22.49 21.12 19.27 21.23 22.00 21.23 22.13 20.12 21.37 
Moringa leaf extract (MLE) 24.05 26.06 23.14 23.22 24.12 24.12 22.15 22.00 24.23 23.13 
RWE + SWE 20.12 22.23 20.15 18.49 20.25 17.94 21.23 17.56 18.45 18.80 
RWE + MWE 18.07 20.76 19.60 20.75 19.80 18.37 17.56 18.56 21.02 18.88 
RWE + MLE 20.57 20.09 21.05 23.00 21.18 20.13 20.12 20.12 18.68 19.76 
SWE + MWE 21.85 24.77 20.23 22.11 22.24 21.03 20.13 21.32 23.15 21.41 
SWE + MLE 24.09 24.11 26.00 25.93 25.03 24.91 22.23 24.26 25.26 24.17 
MWE+MLE 24.98 20.94 25.64 24.90 24.12 23.14 21.45 24.12 24.12 23.21 
 
Appendix  12 (I) Effect of various fresh allelopathic plant water extracts on CGR of maize at 50-65 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 23.12 24.10 22.24 23.03 23.12 26.35 25.45 24.78 22.48 24.77 
Water spray 26.45 25.23 24.57 25.46 25.43 26.00 24.03 25.28 25.65 25.24 
Rice water extract (RWE) 28.68 29.80 29.47 31.59 29.89 26.63 26.67 25.82 27.56 26.67 
Sorghum water extract (SWE) 26.45 25.67 30.03 25.82 26.99 29.60 29.65 28.50 29.02 29.19 
Maize water extract (MWE) 25.78 25.18 26.07 27.03 26.01 29.83 28.54 25.16 26.54 27.52 
Moringa leaf extract (MLE) 32.42 30.90 28.00 30.93 30.56 32.02 32.21 31.25 29.49 31.24 
RWE + SWE 29.60 28.11 27.89 25.79 27.85 26.08 28.45 26.57 26.54 26.91 
RWE + MWE 24.43 23.84 25.45 23.79 24.38 26.95 26.65 26.98 26.12 26.68 
RWE + MLE 26.22 25.34 27.07 26.24 26.22 23.99 27.56 28.45 28.45 27.11 
SWE + MWE 25.99 25.95 26.75 28.95 26.91 29.12 28.56 27.06 28.00 28.19 
SWE + MLE 34.12 30.19 31.57 31.83 31.93 33.12 29.34 30.56 32.00 31.26 
MWE+MLE 28.77 27.88 30.93 28.04 28.90 30.31 30.45 29.42 31.54 30.43 
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Appendix  13 (I) Effect of various fresh allelopathic plant water extracts on CGR of maize at 65-80 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 21.04 20.12 18.26 21.46 20.22 19.89 19.75 18.54 20.98 19.79 
Water spray 23.09 17.00 23.20 21.17 21.12 18.00 23.08 22.12 21.16 21.09 
Rice water extract (RWE) 25.47 24.13 24.71 23.94 24.56 21.48 23.40 22.40 22.12 22.35 
Sorghum water extract (SWE) 22.12 22.64 23.94 25.91 23.65 26.85 26.65 27.57 25.57 26.66 
Maize water extract (MWE) 23.12 22.98 26.12 25.12 24.34 22.23 23.12 24.12 24.00 23.37 
Moringa leaf extract (MLE) 27.99 27.89 26.78 26.27 27.23 27.45 26.56 27.45 30.12 27.90 
RWE + SWE 25.27 23.12 27.73 25.67 25.45 25.00 23.22 24.13 24.12 24.12 
RWE + MWE 25.12 20.12 21.21 22.02 22.12 24.32 27.26 24.42 23.47 24.87 
RWE + MLE 24.02 24.03 23.09 26.23 24.34 25.45 25.43 22.12 23.28 24.07 
SWE + MWE 25.78 24.01 23.58 23.10 24.12 25.43 27.45 24.25 24.25 25.35 
SWE + MLE 28.87 28.95 29.09 26.00 28.23 30.45 27.56 29.56 27.56 28.78 
MWE+MLE 26.78 26.87 25.54 27.92 26.78 26.53 27.54 26.56 27.85 27.12 
 
Appendix  14 (I) Effect of various fresh allelopathic plant water extracts on CGR of maize at 80-95 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 14.27 14.23 15.45 16.65 15.15 11.21 10.23 9.23 10.23 10.23 
Water spray 14.34 16.13 16.45 14.53 15.36 10.12 10.12 12.56 10.16 10.74 
Rice water extract (RWE) 18.89 17.65 16.73 16.14 17.35 13.23 12.25 13.23 11.65 12.59 
Sorghum water extract (SWE) 18.89 17.33 19.06 17.33 18.15 12.00 12.60 14.20 12.60 12.85 
Maize water extract (MWE) 21.80 19.28 20.00 18.69 19.94 16.20 8.80 16.87 16.33 14.55 
Moringa leaf extract (MLE) 22.67 18.99 20.90 23.21 21.44 16.32 15.23 14.55 17.65 15.94 
RWE + SWE 19.34 20.22 19.07 18.23 19.21 16.27 11.87 14.80 14.13 14.27 
RWE + MWE 16.13 16.76 17.86 18.40 17.29 13.07 14.80 16.27 13.40 14.38 
RWE + MLE 16.07 21.84 16.93 17.39 18.06 14.80 12.40 12.73 15.60 13.88 
SWE + MWE 17.78 18.98 19.87 16.56 18.30 13.40 14.80 15.80 14.60 14.65 
SWE + MLE 20.12 22.20 21.73 21.23 21.32 16.65 16.45 16.65 18.12 16.97 
MWE+MLE 22.56 21.09 18.34 20.00 20.50 14.65 15.00 15.24 16.23 15.28 
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Appendix  15 (I) Effect of various allelopathic plant water extracts on NAR of maize  
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 5.00 4.74 6.09 4.62 5.11 4.73 4.84 5.48 5.30 5.09 
Water spray 6.53 5.89 6.55 6.24 6.30 4.72 4.30 5.48 6.11 5.16 
Rice water extract (RWE) 6.78 6.88 6.53 7.18 6.84 5.57 5.11 6.05 5.57 5.57 
Sorghum water extract (SWE) 6.43 6.74 6.85 7.51 6.88 6.30 6.27 6.93 7.78 6.82 
Maize water extract (MWE) 6.65 6.06 5.97 6.80 6.37 5.71 6.87 6.74 6.21 6.38 
Moringa leaf extract (MLE) 7.46 6.52 6.56 7.40 6.98 7.61 7.44 6.56 7.44 7.26 
RWE + SWE 7.19 6.64 6.15 6.95 6.73 5.80 6.34 6.15 5.97 6.06 
RWE + MWE 6.24 6.54 6.28 8.17 6.81 6.35 6.99 6.57 5.99 6.47 
RWE + MLE 6.50 7.13 5.70 7.85 6.80 7.24 7.08 6.94 6.79 7.02 
SWE + MWE 6.06 5.98 7.34 6.32 6.43 6.43 6.00 7.27 8.28 7.00 
SWE + MLE 7.36 7.32 8.02 8.00 7.68 6.92 7.56 7.34 7.32 7.28 
MWE+MLE 7.02 6.29 7.57 7.04 6.98 6.76 7.10 6.50 7.27 6.91 
 
Appendix  16 (I) Effect of various fresh allelopathic plant water extracts on plant height (cm) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 156.40 160.60 155.40 159.00 157.85 156.65 151.21 141.89 162.00 152.94 
Water spray 160.40 163.50 167.30 155.70 161.73 143.23 166.78 145.32 169.83 156.29 
Rice water extract (RWE) 155.60 169.50 159.30 164.80 162.30 149.86 177.45 168.98 187.56 170.96 
Sorghum water extract (SWE) 168.10 163.80 157.00 164.50 163.35 191.21 181.34 177.33 175.00 181.22 
Maize water extract (MWE) 170.30 167.40 158.90 162.40 164.75 171.21 198.74 193.66 179.00 185.65 
Moringa leaf extract (MLE) 165.70 169.50 160.90 170.50 166.65 167.31 183.66 193.33 165.43 177.43 
RWE + SWE 169.00 166.50 168.90 170.10 168.63 186.67 174.33 177.33 187.33 181.42 
RWE + MWE 159.90 179.00 164.80 156.00 164.93 151.43 184.66 193.33 177.00 176.61 
RWE + MLE 166.00 168.00 163.80 170.10 166.98 177.43 182.66 195.00 188.66 185.94 
SWE + MWE 165.70 179.00 169.50 166.70 170.23 179.53 185.67 181.66 182.30 182.29 
SWE + MLE 172.70 185.30 169.90 171.50 174.85 183.54 165.78 180.00 188.66 179.50 
MWE+MLE 164.50 176.00 159.00 180.00 169.88 201.20 176.67 203.33 204.00 196.30 
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Appendix  17 (I) Effect of various fresh allelopathic plant water extracts on grain rows per cob of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 13.01 12.66 12.67 12.32 12.67 12.33 12.66 12.66 12.66 12.58 
Water spray 13.21 12.66 13.33 12.66 12.97 14.33 11.34 12.67 13.30 12.91 
Rice water extract (RWE) 14.00 13.33 14.66 12.66 13.66 13.23 13.26 13.12 13.08 13.17 
Sorghum water extract (SWE) 14.66 12.33 12.00 15.33 13.58 13.83 13.88 13.78 13.88 13.84 
Maize water extract (MWE) 14.00 12.66 14.00 13.33 13.50 13.75 13.78 13.40 13.88 13.70 
Moringa leaf extract (MLE) 16.00 14.00 14.66 14.66 14.83 14.12 13.40 14.14 13.65 13.83 
RWE + SWE 16.00 13.66 14.66 13.35 14.42 14.34 14.23 14.04 14.44 14.26 
RWE + MWE 14.66 15.33 13.33 13.33 14.16 13.33 14.66 13.30 12.00 13.32 
RWE + MLE 15.33 16.00 13.33 14.33 14.75 14.00 14.00 13.00 15.30 14.08 
SWE + MWE 14.66 14.00 15.33 14.00 14.50 13.33 14.00 16.00 14.00 14.33 
SWE + MLE 14.32 15.36 14.00 14.66 14.59 14.00 12.00 14.70 15.30 14.00 
MWE+MLE 13.40 15.30 14.70 15.33 14.68 14.33 16.00 14.70 14.00 14.76 
 
Appendix  18 (I) Effect of various fresh allelopathic plant water extracts on number of cobs per plant
 
of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 156.40 160.60 155.40 159.00 157.85 156.65 151.21 141.89 162.00 152.94 
Water spray 160.40 163.50 167.30 155.70 161.73 143.23 166.78 145.32 169.83 156.29 
Rice water extract (RWE) 155.60 169.50 159.30 164.80 162.30 149.86 177.45 168.98 187.56 170.96 
Sorghum water extract (SWE) 168.10 163.80 157.00 164.50 163.35 191.21 181.34 177.33 175.00 181.22 
Maize water extract (MWE) 170.30 167.40 158.90 162.40 164.75 171.21 198.74 193.66 179.00 185.65 
Moringa leaf extract (MLE) 165.70 169.50 160.90 170.50 166.65 167.31 183.66 193.33 165.43 177.43 
RWE + SWE 169.00 166.50 168.90 170.10 168.63 186.67 174.33 177.33 187.33 181.42 
RWE + MWE 159.90 179.00 164.80 156.00 164.93 151.43 184.66 193.33 177.00 176.61 
RWE + MLE 166.00 168.00 163.80 170.10 166.98 177.43 182.66 195.00 188.66 185.94 
SWE + MWE 165.70 179.00 169.50 166.70 170.23 179.53 185.67 181.66 182.30 182.29 
SWE + MLE 172.70 185.30 169.90 171.50 174.85 183.54 165.78 180.00 188.66 179.50 
MWE+MLE 164.50 176.00 159.00 180.00 169.88 201.20 176.67 203.33 204.00 196.30 
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Appendix  19 (I) Effect of various fresh allelopathic plant water extracts on cob length (cm) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 16.20 15.00 15.84 15.20 15.56 16.43 14.00 14.00 16.53 15.24 
Water spray 15.80 15.30 17.00 16.00 16.03 14.54 14.00 18.56 17.00 16.03 
Rice water extract (RWE) 16.50 15.70 16.97 16.07 16.31 16.00 14.00 18.10 20.00 17.03 
Sorghum water extract (SWE) 17.20 21.60 18.60 15.67 18.27 17.55 16.00 18.55 19.43 17.88 
Maize water extract (MWE) 17.03 18.21 16.48 18.53 17.56 18.00 14.00 18.41 20.00 17.60 
Moringa leaf extract (MLE) 16.80 17.73 18.40 16.80 17.43 17.12 16.00 19.66 19.06 17.96 
RWE + SWE 16.32 17.06 16.73 17.20 16.83 18.65 16.00 19.60 16.32 17.64 
RWE + MWE 16.00 16.90 16.33 16.55 16.45 16.55 14.00 18.56 19.33 17.11 
RWE + MLE 16.01 16.90 16.24 16.00 16.29 16.21 18.00 17.43 19.66 17.83 
SWE + MWE 19.74 17.83 17.33 17.40 18.08 16.00 16.00 17.42 18.00 16.86 
SWE + MLE 18.00 18.16 18.25 19.24 18.41 18.00 14.44 19.55 19.01 17.75 
MWE+MLE 18.00 17.60 18.56 16.95 17.78 18.34 18.34 18.57 19.00 18.56 
 
Appendix  20 (I) Effect of various fresh allelopathic plant water extracts on grains per cob of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 421.95 452.00 409.29 494.62 444.47 493.74 483.76 435.34 444.65 464.37 
Water spray 448.68 453.90 443.40 454.00 450.00 501.34 498.87 517.94 501.34 504.87 
Rice water extract (RWE) 448.24 477.67 504.00 403.92 458.46 566.78 563.65 546.78 566.78 561.00 
Sorghum water extract (SWE) 453.22 533.20 601.06 456.00 510.87 543.43 545.76 507.24 543.43 534.96 
Maize water extract (MWE) 396.64 513.10 452.95 504.00 466.67 519.06 521.87 620.62 519.06 545.15 
Moringa leaf extract (MLE) 568.40 586.40 493.10 613.10 565.25 588.00 579.87 567.89 598.76 583.63 
RWE + SWE 439.89 439.89 469.12 526.27 468.79 523.59 532.65 682.56 523.59 565.60 
RWE + MWE 439.89 462.00 475.65 491.81 467.34 587.89 578.45 542.32 581.01 572.42 
RWE + MLE 490.00 506.40 430.95 513.24 485.15 645.54 655.87 618.26 545.43 616.27 
SWE + MWE 505.89 581.41 506.56 490.00 520.97 498.40 501.65 595.20 498.40 523.41 
SWE + MLE 541.00 628.53 536.62 546.00 563.04 543.98 695.76 614.32 444.32 574.60 
MWE+MLE 546.00 554.32 569.45 568.89 559.67 643.65 641.21 521.26 637.40 610.88 
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Appendix  21 (I) Effect of various fresh allelopathic plant water extracts on grain-pith ratio of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.43 2.58 2.23 3.10 2.59 3.37 2.31 3.21 2.79 2.92 
Water spray 2.45 3.37 2.87 3.02 2.93 2.87 3.15 3.43 3.31 3.19 
Rice water extract (RWE) 3.65 3.70 3.65 2.90 3.48 3.12 3.23 3.65 3.57 3.39 
Sorghum water extract (SWE) 3.55 3.97 3.61 3.88 3.75 3.89 2.99 3.44 3.55 3.47 
Maize water extract (MWE) 3.76 3.65 3.87 3.49 3.69 3.64 3.23 3.55 3.57 3.50 
Moringa leaf extract (MLE) 3.88 3.89 3.89 3.76 3.86 3.66 3.98 3.65 3.86 3.79 
RWE + SWE 3.76 3.61 3.65 3.46 3.62 3.45 3.57 3.78 3.52 3.58 
RWE + MWE 3.65 3.87 3.99 3.69 3.80 3.72 3.35 3.38 3.67 3.53 
RWE + MLE 3.89 3.37 3.89 3.98 3.78 3.64 3.80 3.47 3.61 3.63 
SWE + MWE 4.01 3.97 3.65 3.89 3.88 3.20 3.97 3.62 3.56 3.59 
SWE + MLE 3.76 3.84 3.97 3.65 3.81 3.89 3.94 3.65 3.97 3.86 
MWE+MLE 3.44 3.78 4.05 3.87 3.79 4.12 3.45 3.97 3.55 3.77 
 
Appendix  22 (I) Effect of various fresh allelopathic plant water extracts on 1000-grain weight (g) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 242.15 268.45 256.45 301.00 267.01 244.65 251.43 248.90 246.45 247.86 
Water spray 276.41 255.65 278.65 260.90 267.90 255.65 269.76 265.43 255.65 261.62 
Rice water extract (RWE) 250.24 295.65 273.10 285.12 276.03 281.20 272.70 281.20 245.65 270.19 
Sorghum water extract (SWE) 273.10 283.80 295.80 263.40 279.03 246.76 309.98 256.60 310.00 280.84 
Maize water extract (MWE) 295.80 281.20 280.50 283.90 285.35 265.76 280.80 246.80 277.65 267.75 
Moringa leaf extract (MLE) 296.56 295.65 285.45 288.12 291.45 277.76 302.12 288.76 283.60 288.06 
RWE + SWE 278.70 288.80 273.10 283.80 281.10 278.98 297.30 283.90 235.65 273.96 
RWE + MWE 288.56 282.54 282.00 281.20 283.58 311.76 260.33 307.40 256.65 284.04 
RWE + MLE 292.80 296.68 286.32 301.10 294.23 286.87 292.40 283.80 285.76 287.21 
SWE + MWE 289.30 290.20 278.70 288.80 286.75 279.98 290.20 281.20 278.76 282.54 
SWE + MLE 292.70 299.96 278.56 289.90 290.28 286.50 278.95 301.10 298.56 291.28 
MWE+MLE 297.40 274.00 292.80 302.50 291.68 290.76 299.86 299.87 302.21 298.18 
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Appendix  23 (I) Effect of various fresh allelopathic plant water extracts on grains per row of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 36.54 37.76 35.45 35.33 36.27 35.66 35.43 35.54 35.48 35.53 
Water spray 34.65 36.00 37.87 38.21 36.68 37.09 36.89 36.69 37.56 37.06 
Rice water extract (RWE) 36.54 35.00 36.00 40.21 36.94 38.47 37.76 38.09 37.32 37.91 
Sorghum water extract (SWE) 34.00 40.00 41.00 38.00 38.25 38.97 35.68 41.43 40.32 39.10 
Maize water extract (MWE) 40.90 42.32 38.76 36.00 39.50 38.67 41.22 38.78 42.81 40.37 
Moringa leaf extract (MLE) 40.60 36.60 37.00 40.00 38.55 36.76 42.34 36.44 41.66 39.30 
RWE + SWE 38.66 38.00 40.32 39.00 39.00 39.99 40.12 39.39 39.98 39.87 
RWE + MWE 33.33 35.00 38.00 34.32 35.16 38.78 38.67 38.99 38.82 38.82 
RWE + MLE 36.66 34.32 35.00 36.66 35.66 37.87 39.28 39.89 40.66 39.43 
SWE + MWE 33.00 39.66 37.89 35.00 36.39 38.85 38.76 38.68 37.83 38.53 
SWE + MLE 40.66 40.32 38.98 39.00 39.74 40.89 37.76 42.34 34.34 38.83 
MWE+MLE 40.21 38.90 38.90 40.21 39.56 42.34 40.35 38.76 39.82 40.32 
 
Appendix  24 (I) Effect of variousfresh  allelopathic plant water extracts on grain yield (t ha
-1
) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 3.01 3.12 3.20 3.33 3.17 2.05 4.02 3.23 3.98 3.32 
Water spray 3.28 3.16 3.37 3.10 3.23 2.94 3.67 4.13 3.55 3.57 
Rice water extract (RWE) 3.82 4.04 4.13 4.33 4.08 3.81 3.54 4.25 3.99 3.90 
Sorghum water extract (SWE) 3.99 4.23 4.19 4.27 4.17 2.96 4.57 3.67 4.86 4.01 
Maize water extract (MWE) 3.99 3.87 4.12 4.30 4.07 4.03 3.43 4.21 4.12 3.95 
Moringa leaf extract (MLE) 4.11 4.39 4.15 4.35 4.25 4.83 3.53 4.58 4.32 4.32 
RWE + SWE 4.33 3.87 4.38 4.05 4.16 4.03 4.04 4.43 4.44 4.23 
RWE + MWE 4.12 4.25 4.32 4.17 4.22 4.53 4.01 4.31 4.23 4.27 
RWE + MLE 4.21 3.78 4.01 4.37 4.09 4.05 4.13 3.90 4.78 4.21 
SWE + MWE 4.44 4.01 4.31 3.78 4.14 3.96 4.54 4.32 4.23 4.26 
SWE + MLE 4.35 4.25 4.14 4.37 4.28 4.37 3.97 4.87 4.53 4.43 
MWE+MLE 4.38 4.29 4.42 3.87 4.24 3.82 4.43 4.51 4.87 4.41 
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Appendix  25 (I) Effect of various fresh allelopathic plant water extracts on stover yield (t ha
-1
) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 8.80 11.21 11.00 12.50 10.87 10.90 12.32 10.45 10.65 11.08 
Water spray 8.82 10.32 12.92 12.71 11.19 11.02 12.34 10.81 10.98 11.29 
Rice water extract (RWE) 11.71 13.56 11.42 13.57 12.56 12.37 11.78 11.85 12.29 12.07 
Sorghum water extract (SWE) 14.28 13.92 12.50 11.50 13.05 12.45 13.32 11.65 14.21 12.91 
Maize water extract (MWE) 13.78 14.57 12.35 12.99 13.42 13.49 12.01 12.92 13.21 12.91 
Moringa leaf extract (MLE) 13.64 15.85 14.28 13.14 14.23 14.19 13.98 12.82 13.99 13.74 
RWE + SWE 14.35 12.78 13.14 13.92 13.55 12.50 10.94 12.71 12.43 12.14 
RWE + MWE 11.71 12.64 13.92 14.64 13.23 12.55 13.33 12.21 13.69 12.94 
RWE + MLE 13.92 14.57 12.92 12.28 13.42 13.49 12.84 13.21 13.07 13.15 
SWE + MWE 12.42 12.92 13.92 15.78 13.76 13.67 12.78 14.32 11.33 13.03 
SWE + MLE 14.57 15.64 13.14 13.64 14.24 14.43 14.34 13.49 14.22 14.12 
MWE+MLE 13.64 15.14 13.92 13.35 14.01 14.04 13.87 13.21 12.29 13.35 
 
Appendix  26 (I) Effect of various fresh allelopathic plant water extracts on harvest index (%) maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 34.22 27.83 29.10 26.65 29.45 18.80 32.63 30.91 37.37 29.93 
Water spray 37.20 30.62 26.08 24.39 29.57 26.70 29.74 38.21 32.33 31.74 
Rice water extract (RWE) 32.62 29.79 36.15 31.92 32.62 30.83 30.05 35.86 32.47 32.30 
Sorghum water extract (SWE) 27.94 30.38 33.53 37.15 32.25 23.75 34.32 31.50 34.20 30.94 
Maize water extract (MWE) 28.95 26.57 33.35 33.09 30.49 29.89 28.56 32.58 31.19 30.56 
Moringa leaf extract (MLE) 30.14 27.70 29.06 33.11 30.00 34.07 25.25 35.73 30.88 31.48 
RWE + SWE 30.17 30.28 33.34 29.09 30.72 32.23 36.93 34.86 35.72 34.93 
RWE + MWE 35.18 33.63 31.03 28.49 32.08 36.13 30.08 35.30 30.90 33.10 
RWE + MLE 30.24 25.95 31.03 35.58 30.70 30.00 32.15 29.53 36.58 32.07 
SWE + MWE 35.74 31.03 30.96 23.96 30.42 28.94 35.52 30.17 37.33 32.99 
SWE + MLE 29.86 27.18 31.51 32.04 30.15 30.28 27.68 36.09 31.87 31.48 
MWE+MLE 32.12 28.34 31.75 28.98 30.30 27.20 31.94 34.14 39.63 33.23 
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Appendix  27 (I) Effect of various fresh allelopathic plant water extracts on protein contents (%) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 6.11 6.01 6.09 6.13 6.09 6.01 6.05 6.02 6.01 6.02 
Water spray 6.15 6.12 6.14 6.07 6.12 6.05 6.09 6.12 6.08 6.09 
Rice water extract (RWE) 6.38 6.48 6.53 6.18 6.39 6.48 6.48 6.53 6.48 6.49 
Sorghum water extract (SWE) 6.58 6.51 6.54 6.53 6.54 6.52 6.51 6.54 6.52 6.52 
Maize water extract (MWE) 7.32 7.42 7.52 7.48 7.44 7.02 7.42 7.52 7.02 7.25 
Moringa leaf extract (MLE) 8.04 8.12 8.11 8.14 8.10 6.76 8.12 8.11 7.78 7.69 
RWE + SWE 6.75 6.77 6.63 6.83 6.75 6.73 6.77 6.63 6.73 6.72 
RWE + MWE 6.75 6.87 6.73 6.70 6.76 6.70 6.87 6.73 6.70 6.75 
RWE + MLE 7.43 7.33 7.53 7.13 7.36 7.23 7.33 7.53 7.23 7.33 
SWE + MWE 7.55 7.45 7.33 7.30 7.41 7.35 7.45 7.33 7.35 7.37 
SWE + MLE 8.33 8.23 8.21 8.20 8.24 8.11 8.23 8.21 8.18 8.18 
MWE+MLE 8.49 7.49 7.37 7.59 7.74 7.49 7.49 7.37 7.49 7.46 
 
Appendix  28 (I) Effect of various fresh allelopathic plant water extracts on starch contents (%) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 60.46 61.34 62.51 59.14 60.86 58.65 61.34 62.51 59.14 60.41 
Water spray 58.65 60.54 61.50 63.41 61.03 58.65 60.54 61.50 63.41 61.03 
Rice water extract (RWE) 65.54 62.24 65.05 63.57 64.10 65.54 62.24 65.05 63.57 64.10 
Sorghum water extract (SWE) 67.51 66.63 64.61 65.65 66.10 67.51 66.63 64.61 65.65 66.10 
Maize water extract (MWE) 65.54 63.54 64.54 68.54 65.54 65.54 63.54 64.54 68.54 65.54 
Moringa leaf extract (MLE) 67.90 69.90 68.89 68.90 68.90 70.21 69.90 71.23 72.32 70.92 
RWE + SWE 66.55 66.53 66.51 66.60 66.55 64.55 68.53 62.51 64.60 65.05 
RWE + MWE 68.61 68.61 68.61 68.61 68.61 66.90 68.90 68.99 68.96 68.44 
RWE + MLE 63.99 66.99 64.99 67.99 65.99 62.99 66.99 64.99 67.99 65.74 
SWE + MWE 69.58 67.56 66.59 70.57 68.57 69.58 68.56 66.59 70.57 68.82 
SWE + MLE 71.73 70.44 72.83 71.33 71.58 75.73 73.44 74.83 76.33 75.08 
MWE+MLE 68.28 70.20 69.68 68.20 69.09 69.28 70.20 70.58 73.20 70.82 
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Appendix  29 (I) Effect of various fresh allelopathic plant water extracts on oil contents (%) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 3.97 3.83 4.03 4.05 3.97 3.91 3.81 3.85 3.88 3.86 
Water spray 4.13 4.10 3.93 4.03 4.05 3.99 3.78 3.98 3.90 3.91 
Rice water extract (RWE) 4.37 4.44 4.41 4.49 4.43 4.38 4.39 4.31 4.39 4.37 
Sorghum water extract (SWE) 4.45 4.46 4.44 4.46 4.45 4.45 4.46 4.34 4.46 4.43 
Maize water extract (MWE) 4.41 4.50 4.47 4.39 4.44 4.51 4.52 4.37 4.39 4.45 
Moringa leaf extract (MLE) 4.55 4.51 4.53 4.57 4.54 4.65 4.55 4.53 4.58 4.58 
RWE + SWE 4.49 4.48 4.47 4.49 4.48 4.51 4.46 4.51 4.52 4.50 
RWE + MWE 4.53 4.53 4.51 4.54 4.53 4.51 4.54 4.54 4.56 4.54 
RWE + MLE 4.50 4.53 4.51 4.55 4.52 4.50 4.53 4.51 4.55 4.52 
SWE + MWE 4.53 4.49 4.47 4.45 4.49 4.53 4.49 4.47 4.45 4.49 
SWE + MLE 4.60 4.58 4.57 4.59 4.59 4.63 4.60 4.59 4.61 4.61 
MWE+MLE 4.53 4.53 4.55 4.54 4.54 4.58 4.56 4.56 4.57 4.57 
 
Appendix  30 (I) Effect of various fresh allelopathic plant water extracts on chlorophyll–a contents of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 1.89 1.90 1.92 1.85 1.89 1.91 1.95 1.92 1.93 1.93 
Water spray 2.01 1.99 2.05 2.04 2.02 2.13 1.96 2.01 1.78 1.97 
Rice water extract (RWE) 2.34 1.81 2.67 1.71 2.13 2.09 2.11 2.08 2.05 2.08 
Sorghum water extract (SWE) 3.00 1.59 2.53 1.66 2.19 2.23 2.05 3.00 2.59 2.47 
Maize water extract (MWE) 2.67 1.71 1.54 2.75 2.17 1.94 2.13 2.67 1.71 2.11 
Moringa leaf extract (MLE) 2.42 2.34 2.43 2.23 2.36 2.57 2.53 2.58 2.63 2.58 
RWE + SWE 2.11 2.21 2.57 2.15 2.26 2.34 2.03 1.67 2.73 2.19 
RWE + MWE 2.01 2.12 2.08 2.08 2.07 2.16 2.03 2.63 3.00 2.46 
RWE + MLE 2.01 2.14 1.99 2.06 2.05 2.15 1.84 2.87 3.00 2.46 
SWE + MWE 2.21 2.23 2.25 2.36 2.26 2.14 1.50 2.34 2.81 2.20 
SWE + MLE 2.41 2.75 2.45 2.34 2.49 2.54 2.52 2.54 2.60 2.55 
MWE+MLE 2.33 2.37 2.35 2.36 2.35 1.98 2.10 1.96 1.98 2.01 
196 
 
Appendix  31 (I) Effect of various fresh allelopathic plant water extracts on chlorophyll–b contents of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 0.52 0.63 0.74 0.96 0.71 0.97 0.64 0.96 0.63 0.80 
Water spray 0.64 0.86 0.97 0.86 0.83 1.70 0.97 0.52 0.97 1.04 
Rice water extract (RWE) 0.63 0.96 1.54 0.96 1.02 0.96 0.94 0.64 0.63 0.79 
Sorghum water extract (SWE) 0.86 0.97 1.67 0.64 1.03 0.97 0.96 0.63 0.96 0.88 
Maize water extract (MWE) 0.96 1.30 1.42 0.97 1.16 1.44 0.97 0.86 1.44 1.18 
Moringa leaf extract (MLE) 0.97 1.63 0.66 1.70 1.24 1.17 0.95 0.96 2.04 1.28 
RWE + SWE 1.70 0.64 1.63 0.96 1.23 0.96 0.98 0.97 1.54 1.11 
RWE + MWE 2.04 0.97 0.86 0.97 1.21 0.97 0.64 1.30 2.04 1.24 
RWE + MLE 1.54 0.94 0.96 1.44 1.22 1.38 0.97 1.13 1.04 1.13 
SWE + MWE 1.67 1.47 1.17 0.97 1.32 1.34 0.98 1.24 1.17 1.18 
SWE + MLE 1.42 1.42 1.60 1.20 1.41 1.04 1.68 1.54 0.94 1.30 
MWE+MLE 1.98 1.10 1.13 0.63 1.21 1.00 0.83 1.54 1.40 1.19 
 
Appendix  32 (I) Effect of various fresh allelopathic plant water extracts on total chlorophyll contents of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 3.15 2.64 1.91 2.69 2.60 2.30 2.35 3.59 2.63 2.72 
Water spray 3.50 2.98 2.26 2.67 2.85 3.24 3.03 3.39 2.40 3.01 
Rice water extract (RWE) 2.97 2.77 4.21 2.67 3.15 2.88 2.17 2.98 3.44 2.87 
Sorghum water extract (SWE) 3.86 2.56 4.20 2.29 3.23 3.20 3.00 3.63 3.55 3.35 
Maize water extract (MWE) 3.63 3.01 2.96 3.72 3.33 3.38 3.10 3.53 3.15 3.29 
Moringa leaf extract (MLE) 3.50 3.29 3.23 4.44 3.62 3.05 3.21 3.49 5.70 3.86 
RWE + SWE 4.23 2.29 4.20 3.11 3.46 3.30 3.01 2.64 4.27 3.31 
RWE + MWE 3.70 3.72 2.40 3.65 3.37 3.13 2.67 3.93 5.04 3.69 
RWE + MLE 2.75 2.60 3.30 4.25 3.22 3.53 2.81 4.00 4.04 3.59 
SWE + MWE 3.12 4.47 3.17 3.56 3.58 3.48 2.48 3.58 3.98 3.38 
SWE + MLE 4.42 4.17 3.77 3.23 3.90 2.92 5.41 4.54 2.53 3.85 
MWE+MLE 4.60 3.67 2.51 3.44 3.56 2.57 2.93 4.21 3.11 3.20 
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Appendix  1 (II) Effect of various boiled allelopathic plant water extracts on LAI of maize at 35 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 1.12 1.26 1.00 0.99 1.09 0.98 0.88 1.00 0.99 0.96 
Water spray 1.25 1.26 1.18 1.12 1.20 1.04 1.16 1.12 1.12 1.11 
Rice water extract (RWE) 1.29 1.35 1.15 1.24 1.26 1.32 1.34 1.18 1.08 1.23 
Sorghum water extract (SWE) 1.26 1.26 1.24 1.32 1.27 1.18 1.24 1.30 1.32 1.26 
Maize water extract (MWE) 1.11 1.24 1.37 1.35 1.27 1.21 1.24 1.37 1.35 1.29 
Moringa leaf extract (MLE) 1.25 1.42 1.34 1.31 1.33 1.42 1.32 1.26 1.25 1.31 
RWE + SWE 1.32 1.21 1.29 1.26 1.27 1.35 1.14 1.34 1.27 1.28 
RWE + MWE 1.21 1.13 1.34 1.36 1.26 1.21 1.23 1.45 1.32 1.30 
RWE + MLE 1.23 1.01 1.36 1.23 1.21 1.34 1.25 1.25 1.31 1.29 
SWE + MWE 1.35 1.35 1.31 1.41 1.36 1.21 1.21 1.29 1.35 1.27 
SWE + MLE 1.25 1.35 1.37 1.23 1.30 1.27 1.42 1.24 1.34 1.32 
MWE+MLE 1.21 1.21 1.40 1.40 1.31 1.21 1.32 1.31 1.41 1.31 
†=Moringa leaf extract not boiled 
Appendix  2 (II) Effect of various boiled allelopathic plant water extracts on LAI of maize at 50 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.09 2.10 2.07 2.07 2.08 2.39 2.32 2.43 2.41 2.39 
Water spray 2.20 2.44 2.09 2.07 2.20 2.68 2.38 2.36 2.34 2.44 
Rice water extract (RWE) 2.32 2.41 2.18 2.03 2.23 2.80 2.56 2.45 2.82 2.66 
Sorghum water extract (SWE) 2.36 2.10 2.32 2.77 2.39 2.65 3.05 2.29 2.67 2.67 
Maize water extract (MWE) 2.27 2.36 2.59 2.21 2.36 3.02 2.82 2.61 2.45 2.72 
Moringa leaf extract (MLE) 2.53 2.52 2.54 2.56 2.54 2.95 2.65 3.30 2.99 2.97 
RWE + SWE 2.65 2.22 2.54 2.12 2.38 2.78 2.70 2.82 2.78 2.77 
RWE + MWE 2.52 2.16 2.14 2.17 2.25 2.69 2.64 2.81 3.12 2.81 
RWE + MLE 2.26 2.03 2.41 2.37 2.27 2.65 2.53 2.45 2.85 2.62 
SWE + MWE 2.84 2.95 2.75 2.64 2.79 3.10 2.92 2.95 2.99 2.99 
SWE + MLE 2.10 2.56 2.72 2.46 2.46 3.04 3.15 2.87 2.35 2.85 
MWE+MLE 2.48 2.50 2.52 2.38 2.47 3.12 2.95 2.85 2.86 2.95 
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Appendix  3 (II) Effect of various boiled allelopathic plant water extracts on LAI of maize at 65 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 3.98 2.32 2.38 3.41 3.02 3.78 3.24 3.71 3.70 3.61 
Water spray 3.99 3.21 3.82 3.40 3.60 3.61 3.91 3.59 3.64 3.69 
Rice water extract (RWE) 4.65 3.52 4.02 4.15 4.09 3.41 3.85 3.99 4.05 3.83 
Sorghum water extract (SWE) 4.35 3.52 3.99 3.65 3.88 3.97 3.45 4.05 3.65 3.78 
Maize water extract (MWE) 4.13 3.98 3.65 3.84 3.90 4.51 4.02 3.95 4.28 4.19 
Moringa leaf extract (MLE) 4.32 4.82 4.59 3.98 4.43 4.26 4.75 4.59 3.98 4.40 
RWE + SWE 4.05 4.25 3.53 3.99 3.95 3.98 4.56 3.75 3.99 4.07 
RWE + MWE 3.65 4.15 4.25 4.62 4.17 4.15 4.51 4.21 4.28 4.29 
RWE + MLE 3.36 4.09 3.95 4.25 3.91 4.55 4.15 4.25 4.12 4.27 
SWE + MWE 4.65 4.79 4.32 4.69 4.61 4.35 4.75 4.45 4.39 4.49 
SWE + MLE 4.15 4.51 4.21 4.68 4.39 4.52 4.26 4.21 4.45 4.36 
MWE+MLE 4.85 4.22 4.16 4.45 4.42 4.15 4.25 4.48 4.47 4.34 
†=Moringa leaf extract not boiled 
Appendix  4 (II) Effect of various allelopathic plant water extracts on LAI of maize at 80 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.55 2.59 2.64 2.66 2.61 2.84 2.29 2.87 2.99 2.75 
Water spray 3.02 2.96 3.10 3.01 3.02 3.00 3.15 2.85 2.20 2.80 
Rice water extract (RWE) 3.36 3.38 3.36 3.35 3.36 3.06 3.18 3.02 2.80 3.01 
Sorghum water extract (SWE) 3.35 3.65 2.89 3.49 3.35 2.97 2.85 2.98 2.79 2.90 
Maize water extract (MWE) 3.50 3.22 3.19 3.22 3.28 3.55 3.34 3.20 2.82 3.23 
Moringa leaf extract (MLE) 3.45 3.45 3.89 3.81 3.65 3.52 3.77 3.34 3.95 3.65 
RWE + SWE 3.65 3.09 3.02 3.05 3.20 3.23 3.24 3.32 3.48 3.32 
RWE + MWE 3.25 3.52 3.46 3.45 3.42 3.45 3.29 3.37 3.30 3.35 
RWE + MLE 3.67 3.06 3.15 3.39 3.32 3.57 3.75 3.25 3.29 3.47 
SWE + MWE 3.86 3.62 3.72 3.65 3.71 3.70 4.05 3.56 3.85 3.79 
SWE + MLE 3.65 3.29 3.51 3.60 3.51 3.15 3.69 3.26 3.85 3.49 
MWE+MLE 3.39 3.49 3.75 3.55 3.55 4.00 3.45 3.45 3.25 3.54 
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Appendix  5 (II) Effect of various boiled allelopathic plant water extracts on LAI of maize at 95 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.23 1.85 1.72 2.06 1.97 1.93 1.98 1.39 1.98 1.82 
Water spray 2.10 2.12 2.05 2.03 2.08 1.93 1.89 1.78 1.97 1.89 
Rice water extract (RWE) 2.43 2.12 2.11 2.09 2.19 2.15 2.16 2.15 2.29 2.19 
Sorghum water extract (SWE) 2.45 2.33 2.27 2.32 2.34 2.17 2.11 2.09 2.08 2.11 
Maize water extract (MWE) 2.79 2.34 2.51 2.12 2.44 2.89 2.31 2.11 2.08 2.35 
Moringa leaf extract (MLE) 2.43 2.61 2.73 2.64 2.60 2.74 2.90 2.68 3.11 2.86 
RWE + SWE 2.22 2.89 2.16 2.59 2.47 2.54 2.56 2.58 2.63 2.58 
RWE + MWE 2.68 2.58 2.34 2.21 2.45 2.40 2.41 2.45 2.43 2.42 
RWE + MLE 2.43 2.54 2.44 2.54 2.49 2.69 2.69 2.67 2.69 2.69 
SWE + MWE 2.59 2.65 2.75 3.25 2.81 2.91 3.06 3.08 3.00 3.01 
SWE + MLE 2.64 2.89 2.23 2.54 2.58 2.59 2.54 2.52 2.53 2.55 
MWE+MLE 2.62 2.43 2.53 2.65 2.56 2.75 2.79 2.81 2.79 2.79 
†=Moringa leaf extract not boiled 
Appendix  6 (II) Effect of various boiled allelopathic plant water extracts on TDM of maize at 35 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 171 204 237 187 200 318 254 240 219 258 
Water spray 175 232 213 270 223 312 347 234 306 300 
Rice water extract (RWE) 183 191 274 290 234 335 350 314 362 340 
Sorghum water extract (SWE) 212 247 228 283 243 338 362 315 424 360 
Maize water extract (MWE) 175 246 301 279 250 379 303 397 370 362 
Moringa leaf extract (MLE) 223 234 300 310 267 421 420 321 370 383 
RWE + SWE 199 233 248 275 239 377 281 373 292 331 
RWE + MWE 195 231 290 249 241 384 313 378 307 346 
RWE + MLE 205 191 287 305 247 341 322 376 351 348 
SWE + MWE 233 277 289 302 275 440 367 376 384 391 
SWE + MLE 246 221 286 258 253 347 327 333 439 361 
MWE+MLE 229 233 244 348 263 391 310 398 399 375 
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Appendix  7 (II) Effect of various boiled allelopathic plant water extracts on TDM of maize at 50 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 348 467 445 460 430 423 412 423 465 431 
Water spray 639 690 653 629 653 409 474 496 516 474 
Rice water extract (RWE) 580 746 727 737 698 505 453 516 650 531 
Sorghum water extract (SWE) 696 626 618 789 682 650 636 497 552 584 
Maize water extract (MWE) 745 698 720 778 735 521 479 688 739 606 
Moringa leaf extract (MLE) 762 879 908 890 860 545 907 936 796 796 
RWE + SWE 638 798 667 622 681 467 727 789 582 641 
RWE + MWE 846 567 686 927 756 638 692 654 542 631 
RWE + MLE 789 632 851 832 776 513 616 667 659 614 
SWE + MWE 815 998 990 903 926 765 875 766 789 799 
SWE + MLE 792 550 828 789 740 756 604 641 660 665 
MWE+MLE 754 800 839 962 839 638 671 725 756 697 
†=Moringa leaf extract not boiled 
Appendix  8 (II) Effect of various boiled allelopathic plant water extracts on TDM of maize at 65 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 557 660 801 799 704 822 915 759 696 798 
Water spray 999 988 924 1045 989 814 1056 964 862 924 
Rice water extract (RWE) 1290 1098 1123 991 1126 953 1065 916 1051 996 
Sorghum water extract (SWE) 1123 1324 1098 1179 1181 1067 1114 1079 956 1054 
Maize water extract (MWE) 1257 969 1287 1456 1242 1063 1055 1064 1077 1065 
Moringa leaf extract (MLE) 1302 1266 1346 1457 1343 1165 1234 1284 1249 1233 
RWE + SWE 1212 1435 990 1235 1218 1086 1268 1111 893 1089 
RWE + MWE 1232 1200 1010 1334 1194 1046 1005 1297 1165 1128 
RWE + MLE 1345 981 1435 1154 1229 1024 1274 1136 1174 1152 
SWE + MWE 1457 1457 1568 1457 1485 1281 1489 1252 1373 1349 
SWE + MLE 1123 1189 1236 1387 1234 1061 1136 1162 1405 1191 
MWE+MLE 1277 1345 1255 1233 1277 1143 1303 1279 1031 1189 
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Appendix  9 (II) Effect of various boiled allelopathic plant water extracts on TDM of maize at 80 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 1124 1159 765 968 1004 1123 1125 987 1013 1062 
Water spray 1289 1291 1379 1216 1294 989 1134 1323 1266 1178 
Rice water extract (RWE) 1235 1568 1457 1568 1457 1421 1354 1332 1308 1354 
Sorghum water extract (SWE) 1568 1453 1577 1676 1568 1432 1383 1283 1317 1354 
Maize water extract (MWE) 1790 1877 1564 1416 1662 1289 1278 1302 1610 1370 
Moringa leaf extract (MLE) 1984 1568 1985 1564 1775 1718 1654 1693 1534 1650 
RWE + SWE 1679 1876 1400 1563 1630 1484 1432 1440 1494 1463 
RWE + MWE 1654 1453 1564 1523 1549 1850 1216 1400 1408 1469 
RWE + MLE 1550 1365 1673 1890 1619 1385 1627 1368 1697 1519 
SWE + MWE 1999 1877 2001 1987 1966 1739 1876 1645 1857 1779 
SWE + MLE 1565 1576 1700 1876 1679 1571 1326 1460 1645 1500 
MWE+MLE 1874 1679 1453 1988 1748 1749 1564 1573 1432 1580 
†=Moringa leaf extract not boiled 
Appendix  10 (II) Effect of various boiled allelopathic plant water extracts on TDM of maize at 95 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 1288 1321 1034 1189 1208 1321 1340 1172 1223 1264 
Water spray 1498 1565 1521 1521 1526 1268 1369 1569 1464 1417 
Rice water extract (RWE) 1575 1787 1652 1878 1723 1735 1639 1587 1598 1640 
Sorghum water extract (SWE) 1876 1987 1698 2001 1891 1756 1717 1599 1619 1673 
Maize water extract (MWE) 2190 1980 1867 1765 1951 1589 1608 1616 1932 1686 
Moringa leaf extract (MLE) 2334 2346 2134 1762 2144 2064 1999 2038 1934 2009 
RWE + SWE 1988 2192 1654 1897 1933 1806 1778 1763 1818 1791 
RWE + MWE 1987 1898 1766 1765 1854 2184 1580 1799 1723 1821 
RWE + MLE 1868 1877 1987 2132 1966 1761 2002 1713 2023 1875 
SWE + MWE 2321 2446 2234 2432 2358 2161 2278 2057 2233 2182 
SWE + MLE 1990 1867 1932 2134 1981 1899 1682 1787 2020 1847 
MWE+MLE 2198 1898 1877 2232 2051 2052 1909 1939 1789 1922 
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Appendix  11 (II) Effect of various boiled allelopathic plant water extracts on CGR of maize at 35-50 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 15.30 16.32 15.35 14.44 15.35 17.78 18.34 16.12 15.34 16.90 
Water spray 20.91 22.05 22.05 16.08 20.27 16.78 15.34 16.78 18.98 16.97 
Rice water extract (RWE) 19.78 22.43 22.47 23.76 22.11 19.80 16.88 17.04 16.80 17.63 
Sorghum water extract (SWE) 22.33 24.32 28.31 25.33 25.07 17.12 17.72 18.39 19.22 18.11 
Maize water extract (MWE) 22.32 24.39 21.99 19.89 22.15 16.54 16.31 18.56 17.68 17.27 
Moringa leaf extract (MLE) 23.25 31.80 28.49 24.67 27.05 25.03 25.00 22.65 24.24 24.23 
RWE + SWE 21.25 22.45 26.56 28.76 24.76 20.69 20.73 20.74 20.65 20.70 
RWE + MWE 24.34 24.23 24.56 24.21 24.34 15.65 18.35 25.27 24.88 21.04 
RWE + MLE 24.96 20.41 21.61 25.09 23.02 17.29 22.43 21.12 20.12 20.24 
SWE + MWE 28.76 28.75 28.61 26.84 28.24 24.83 25.59 23.07 31.01 26.13 
SWE + MLE 23.41 23.74 23.44 23.76 23.59 26.97 23.22 23.28 19.80 23.32 
MWE+MLE 24.27 27.64 27.00 23.10 25.50 24.73 21.13 28.46 22.12 24.11 
†=Moringa leaf extract not boiled 
Appendix  12 (II) Effect of various boiled allelopathic plant water extracts on CGR of maize at 50-65 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 18.30 24.83 22.12 23.24 22.12 26.58 25.43 27.43 26.53 26.49 
Water spray 22.39 22.31 27.30 26.63 24.66 26.98 30.48 31.18 23.10 27.93 
Rice water extract (RWE) 28.78 28.23 28.51 28.56 28.52 29.89 31.23 34.23 28.86 31.05 
Sorghum water extract (SWE) 33.32 33.12 34.25 32.21 33.23 27.80 31.82 38.81 26.89 31.33 
Maize water extract (MWE) 26.69 27.65 36.04 32.19 30.64 27.74 29.08 33.23 32.12 30.54 
Moringa leaf extract (MLE) 35.43 43.13 35.69 30.34 36.15 34.04 35.43 38.67 35.36 35.87 
RWE + SWE 35.98 33.81 29.90 32.54 33.06 28.79 29.67 29.78 31.21 29.86 
RWE + MWE 29.79 29.80 29.80 33.89 30.82 31.09 35.76 32.67 33.00 33.13 
RWE + MLE 29.89 30.12 30.21 34.45 31.17 32.12 31.50 32.35 30.16 31.53 
SWE + MWE 36.56 37.67 36.56 38.06 37.21 34.38 40.93 32.42 38.90 36.66 
SWE + MLE 33.23 36.54 31.82 33.78 33.84 34.23 31.02 33.18 33.23 32.92 
MWE+MLE 36.78 35.65 32.56 34.12 34.78 33.43 33.56 30.98 32.06 32.51 
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Appendix  13 (II) Effect of various boiled allelopathic plant water extracts on CGR of maize at 65-80 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 19.89 18.76 21.98 19.23 19.97 25.35 24.51 21.22 23.23 23.58 
Water spray 19.34 20.20 21.12 23.92 21.15 17.22 28.12 28.23 23.56 24.28 
Rice water extract (RWE) 23.71 23.45 28.56 26.96 25.67 31.18 22.93 25.34 27.89 26.84 
Sorghum water extract (SWE) 29.56 26.50 25.90 26.34 27.08 30.12 26.31 26.79 28.35 27.89 
Maize water extract (MWE) 27.68 27.87 28.60 27.67 27.96 30.12 26.31 26.90 28.45 27.95 
Moringa leaf extract (MLE) 31.01 32.23 34.12 30.12 31.87 33.83 34.65 33.47 31.61 33.39 
RWE + SWE 28.59 28.25 28.49 28.05 28.35 25.43 29.32 24.65 28.14 26.89 
RWE + MWE 26.45 26.78 27.08 26.31 26.65 31.21 24.32 28.08 28.12 27.93 
RWE + MLE 29.09 27.56 29.84 25.67 28.04 29.65 29.80 29.86 27.12 29.11 
SWE + MWE 36.15 32.80 38.87 30.35 34.54 34.58 35.80 36.21 32.32 34.73 
SWE + MLE 26.52 30.21 29.80 28.79 28.83 30.04 32.05 30.12 30.43 30.66 
MWE+MLE 30.43 30.56 27.73 30.96 29.92 27.65 32.33 35.43 34.04 32.36 
†=Moringa leaf extract not boiled 
Appendix  14 (II) Effect of various boiled allelopathic plant water extracts on CGR of maize at 80-95 DAS 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 13.69 13.28 13.67 13.78 13.61 13.23 14.35 14.36 15.98 14.48 
Water spray 16.54 16.43 14.56 14.48 15.50 18.57 15.68 16.37 14.32 16.24 
Rice water extract (RWE) 16.76 18.84 16.56 18.76 17.73 20.95 19.03 17.04 15.06 18.02 
Sorghum water extract (SWE) 21.63 20.78 18.21 20.12 20.19 21.61 22.24 21.08 12.99 19.48 
Maize water extract (MWE) 19.89 18.30 17.65 21.20 19.26 19.98 21.98 20.95 16.39 19.82 
Moringa leaf extract (MLE) 19.80 21.15 22.32 22.65 21.48 25.06 25.03 23.02 21.71 23.70 
RWE + SWE 19.80 20.19 20.22 20.19 20.10 21.48 17.89 18.55 21.61 19.88 
RWE + MWE 20.29 19.14 18.19 19.21 19.21 22.21 24.28 26.58 15.08 22.04 
RWE + MLE 14.89 22.12 20.05 15.32 18.10 21.90 23.75 21.77 14.68 20.53 
SWE + MWE 27.67 26.76 26.15 24.00 26.15 28.08 26.81 27.48 25.03 26.85 
SWE + MLE 22.18 20.12 20.89 18.23 20.35 20.14 23.01 24.36 23.78 22.82 
MWE+MLE 21.35 20.32 24.32 18.42 21.10 23.04 23.02 23.02 24.54 23.40 
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Appendix  15 (II) Effect of various boiled allelopathic plant water extracts on NAR of maize  
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 4.58 4.87 8.23 6.25 5.98 5.55 6.72 5.81 5.62 5.93 
Water spray 5.44 7.20 3.68 8.06 6.10 7.54 6.22 7.07 6.33 6.79 
Rice water extract (RWE) 7.83 5.30 4.76 7.60 6.37 8.04 7.12 6.60 7.59 7.34 
Sorghum water extract (SWE) 7.08 11.91 3.13 7.47 7.40 8.50 7.54 8.28 7.31 7.91 
Maize water extract (MWE) 8.48 2.47 7.09 8.72 6.69 6.20 7.78 7.89 8.74 7.65 
Moringa leaf extract (MLE) 7.94 17.12 3.01 4.09 8.04 7.59 8.52 9.13 7.33 8.14 
RWE + SWE 6.55 7.04 6.45 7.96 7.00 7.45 7.95 7.30 7.07 7.44 
RWE + MWE 7.56 9.98 4.49 5.28 6.83 7.36 6.90 7.65 7.55 7.36 
RWE + MLE 6.96 12.19 7.49 5.44 8.02 8.01 7.77 7.78 7.26 7.70 
SWE + MWE 7.06 11.65 5.28 9.51 8.38 8.41 8.97 8.32 8.25 8.49 
SWE + MLE 9.09 6.53 4.94 5.02 6.40 7.63 7.62 7.53 7.85 7.66 
MWE+MLE 7.02 6.29 7.57 7.04 6.98 6.76 7.10 6.50 7.27 6.91 
†=Moringa leaf extract not boiled 
Appendix  16 (II) Effect of various boiled allelopathic plant water extracts on plant height (cm) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 193.66 158.36 171.33 162.00 171.34 178.43 179.67 184.54 178.54 180.30 
Water spray 164.31 178.00 182.33 171.12 173.94 180.97 179.00 185.34 179.78 181.27 
Rice water extract (RWE) 172.00 178.33 181.33 202.00 183.42 165.56 201.12 201.34 204.66 193.17 
Sorghum water extract (SWE) 184.66 186.64 177.33 175.00 180.91 189.66 215.30 191.00 209.00 201.24 
Maize water extract (MWE) 180.00 178.66 193.66 179.00 182.83 171.30 189.20 208.00 205.00 193.38 
Moringa leaf extract (MLE) 183.33 195.00 203.33 204.00 196.42 213.33 197.00 207.66 208.66 206.66 
RWE + SWE 191.00 174.33 177.33 187.33 182.50 177.33 216.00 199.00 195.40 196.93 
RWE + MWE 181.67 184.66 193.33 177.00 184.17 185.33 198.00 219.60 188.60 197.88 
RWE + MLE 185.00 182.66 195.00 188.66 187.83 183.50 201.00 213.30 210.66 202.12 
SWE + MWE 205.63 197.00 196.66 199.30 199.65 198.98 206.60 223.66 211.33 210.14 
SWE + MLE 190.23 201.33 180.00 188.66 190.06 181.33 217.66 212.66 205.00 204.16 
MWE+MLE 186.67 193.66 193.33 195.66 192.33 215.00 199.30 198.00 211.40 205.93 
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Appendix  17 (II) Effect of various boiled allelopathic plant water extracts on grain rows per cob of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 12.66 14.33 12.66 14.00 13.41 14.00 12.66 12.66 12.66 13.00 
Water spray 13.33 12.66 13.56 14.16 13.43 13.88 13.75 12.12 12.88 13.16 
Rice water extract (RWE) 14.00 12.66 13.83 14.00 13.62 14.25 12.00 13.33 14.59 13.54 
Sorghum water extract (SWE) 13.33 13.33 14.66 13.23 13.64 14.56 14.54 13.75 14.82 14.42 
Maize water extract (MWE) 12.66 14.66 13.33 14.00 13.66 13.45 13.75 13.28 13.85 13.58 
Moringa leaf extract (MLE) 14.00 16.00 16.33 15.33 15.42 16.55 12.00 16.00 13.44 14.50 
RWE + SWE 13.33 13.33 14.66 15.33 14.16 13.99 14.12 13.88 13.30 13.82 
RWE + MWE 13.33 14.00 13.66 14.33 13.83 13.70 13.43 13.30 13.25 13.42 
RWE + MLE 14.00 13.30 14.00 14.00 13.83 14.45 14.00 12.98 13.54 13.74 
SWE + MWE 16.00 15.33 15.24 15.55 15.53 14.55 14.55 14.98 15.02 14.78 
SWE + MLE 16.00 13.33 14.66 13.33 14.33 14.05 14.66 14.60 14.70 14.50 
MWE+MLE 15.33 14.66 16.00 14.00 15.00 14.21 14.28 14.08 14.75 14.33 
†=Moringa leaf extract not boiled 
Appendix  18 (II) Effect of various boiled allelopathic plant water extracts on number of cobs per plant
 
of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 156.40 160.60 155.40 159.00 157.85 156.65 151.21 141.89 162.00 152.94 
Water spray 160.40 163.50 167.30 155.70 161.73 143.23 166.78 145.32 169.83 156.29 
Rice water extract (RWE) 155.60 169.50 159.30 164.80 162.30 149.86 177.45 168.98 187.56 170.96 
Sorghum water extract (SWE) 168.10 163.80 157.00 164.50 163.35 191.21 181.34 177.33 175.00 181.22 
Maize water extract (MWE) 170.30 167.40 158.90 162.40 164.75 171.21 198.74 193.66 179.00 185.65 
Moringa leaf extract (MLE) 165.70 169.50 160.90 170.50 166.65 167.31 183.66 193.33 165.43 177.43 
RWE + SWE 169.00 166.50 168.90 170.10 168.63 186.67 174.33 177.33 187.33 181.42 
RWE + MWE 159.90 179.00 164.80 156.00 164.93 151.43 184.66 193.33 177.00 176.61 
RWE + MLE 166.00 168.00 163.80 170.10 166.98 177.43 182.66 195.00 188.66 185.94 
SWE + MWE 165.70 179.00 169.50 166.70 170.23 179.53 185.67 181.66 182.30 182.29 
SWE + MLE 172.70 185.30 169.90 171.50 174.85 183.54 165.78 180.00 188.66 179.50 
MWE+MLE 164.50 176.00 159.00 180.00 169.88 201.20 176.67 203.33 204.00 196.30 
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Appendix  19 (II) Effect of various boiled allelopathic plant water extracts on cob length (cm) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 16.67 18.52 18.35 17.00 17.64 18.16 18.14 18.15 18.16 18.15 
Water spray 20.00 17.24 18.70 18.55 18.62 18.76 18.35 18.75 18.56 18.61 
Rice water extract (RWE) 18.99 19.08 19.45 19.72 19.31 19.60 19.46 19.12 18.89 19.27 
Sorghum water extract (SWE) 18.95 18.65 18.21 18.88 18.67 20.21 19.06 18.65 19.25 19.29 
Maize water extract (MWE) 19.85 19.71 19.45 19.12 19.53 19.62 19.85 19.24 20.00 19.68 
Moringa leaf extract (MLE) 19.88 19.65 19.35 19.75 19.66 19.56 19.81 19.99 19.66 19.76 
RWE + SWE 19.58 19.25 19.15 18.88 19.22 19.50 19.50 19.60 20.10 19.68 
RWE + MWE 20.02 19.00 19.15 19.56 19.43 20.83 19.00 18.56 19.33 19.43 
RWE + MLE 18.79 19.66 19.63 19.54 19.41 20.50 18.33 17.42 21.00 19.31 
SWE + MWE 19.90 17.30 22.95 19.41 19.89 20.15 19.45 19.99 19.85 19.86 
SWE + MLE 19.51 19.57 19.42 19.85 19.59 19.54 19.64 19.80 19.89 19.72 
MWE+MLE 19.85 19.82 19.18 19.72 19.64 21.23 19.67 19.44 17.93 19.57 
†=Moringa leaf extract not boiled 
Appendix  20 (II) Effect of various boiled allelopathic plant water extracts on grains per cob of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 473.56 533.12 479.51 555.45 510.41 312.00 499.89 515.25 552.75 469.97 
Water spray 488.58 537.23 524.00 501.38 512.80 517.94 501.34 559.86 518.23 524.34 
Rice water extract (RWE) 537.23 544.48 564.19 525.12 542.76 522.91 562.23 552.15 532.15 542.36 
Sorghum water extract (SWE) 589.64 595.65 605.12 537.00 581.85 507.24 543.43 524.32 602.93 544.48 
Maize water extract (MWE) 562.41 568.89 540.02 527.05 549.59 590.25 528.65 583.24 571.68 568.46 
Moringa leaf extract (MLE) 575.46 587.46 622.25 598.46 595.91 604.00 603.65 598.21 571.74 594.40 
RWE + SWE 578.28 573.23 585.26 566.58 575.84 622.15 565.25 620.56 544.88 588.21 
RWE + MWE 567.52 568.45 585.02 545.12 566.53 615.76 587.89 603.85 586.52 598.50 
RWE + MLE 569.70 572.25 549.75 550.80 560.63 575.45 518.14 591.74 578.62 565.99 
SWE + MWE 599.87 585.04 602.31 598.67 596.47 472.30 686.35 622.25 607.99 597.22 
SWE + MLE 525.15 565.45 625.15 600.75 579.13 618.26 612.25 557.15 582.66 592.58 
MWE+MLE 655.54 527.38 488.78 701.21 593.23 567.89 588.00 561.92 610.74 582.14 
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Appendix  21 (II) Effect of various boiled allelopathic plant water extracts on grain-pith ratio of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.31 2.47 2.37 2.86 2.50 3.67 2.31 3.21 2.79 3.00 
Water spray 3.96 3.45 3.23 3.21 3.46 2.87 3.25 3.43 3.31 3.22 
Rice water extract (RWE) 3.92 3.70 3.65 3.43 3.68 3.12 3.23 3.65 3.87 3.47 
Sorghum water extract (SWE) 3.69 3.97 3.86 3.65 3.79 3.89 2.99 3.84 3.55 3.57 
Maize water extract (MWE) 3.91 3.84 3.34 3.43 3.63 3.64 3.23 3.55 3.70 3.53 
Moringa leaf extract (MLE) 3.76 4.03 4.05 3.87 3.93 4.05 3.65 3.87 3.65 3.81 
RWE + SWE 3.50 3.77 3.98 3.56 3.70 3.50 3.77 3.98 3.56 3.70 
RWE + MWE 3.76 3.50 3.76 3.67 3.67 3.76 3.50 3.76 3.67 3.67 
RWE + MLE 3.45 3.76 3.56 3.23 3.50 3.64 3.80 3.47 3.61 3.63 
SWE + MWE 4.03 3.84 3.97 4.11 3.99 3.99 3.84 3.65 3.97 3.86 
SWE + MLE 3.77 3.97 3.65 3.89 3.82 3.20 3.97 3.62 3.64 3.61 
MWE+MLE 3.77 4.03 3.46 4.10 3.84 3.66 3.98 3.65 3.76 3.76 
†=Moringa leaf extract not boiled 
Appendix  22 (II) Effect of various boiled allelopathic plant water extracts on 1000-grain weight (g) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 266.12 267.54 265.26 267.34 266.57 210.23 249.65 235.12 245.25 235.06 
Water spray 252.34 262.56 275.54 285.62 269.02 265.34 272.12 203.00 251.21 247.92 
Rice water extract (RWE) 274.31 272.70 281.52 274.56 275.77 280.80 272.71 281.20 246.80 270.38 
Sorghum water extract (SWE) 299.54 305.23 273.21 295.64 293.41 283.60 289.56 278.65 281.58 283.35 
Maize water extract (MWE) 295.80 280.80 273.10 283.90 283.40 262.56 280.80 281.54 283.90 277.20 
Moringa leaf extract (MLE) 289.56 282.69 298.20 299.25 292.43 295.80 297.30 283.90 283.80 290.20 
RWE + SWE 278.70 265.67 269.70 283.80 274.47 275.65 285.65 282.56 284.25 282.03 
RWE + MWE 267.40 251.80 275.70 281.20 269.03 295.30 273.49 294.23 281.20 286.06 
RWE + MLE 292.80 292.40 265.60 301.10 287.98 273.10 292.40 283.80 301.10 287.60 
SWE + MWE 289.30 270.90 282.60 288.80 282.90 315.21 311.10 300.17 245.32 292.95 
SWE + MLE 315.21 305.48 286.36 288.65 298.93 298.20 290.20 281.20 288.80 289.60 
MWE+MLE 335.16 265.78 286.80 250.13 284.47 215.72 266.24 325.25 345.21 288.11 
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Appendix  23 (II) Effect of various boiled allelopathic plant water extracts on grains per  row of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 31.00 38.80 41.87 39.99 37.92 37.33 39.00 37.21 35.21 37.19 
Water spray 37.56 37.45 38.56 38.64 38.05 38.54 38.18 38.45 42.12 39.32 
Rice water extract (RWE) 40.12 42.40 40.55 38.56 40.41 42.84 42.15 39.66 39.99 41.16 
Sorghum water extract (SWE) 40.11 39.66 40.89 41.02 40.42 40.21 41.66 42.00 40.32 41.05 
Maize water extract (MWE) 43.12 41.26 42.15 38.54 41.27 43.60 42.00 38.33 41.66 41.40 
Moringa leaf extract (MLE) 41.85 42.28 41.88 41.99 42.00 42.15 41.00 41.66 42.52 41.83 
RWE + SWE 40.99 42.03 39.64 40.26 40.73 42.66 38.33 42.33 39.41 40.68 
RWE + MWE 41.66 39.65 41.44 42.60 41.34 41.85 39.15 42.55 39.99 40.89 
RWE + MLE 41.10 41.75 41.02 40.12 41.00 40.33 42.15 41.15 41.24 41.22 
SWE + MWE 42.15 42.24 42.15 43.12 42.42 43.00 44.60 40.54 42.34 42.62 
SWE + MLE 42.15 40.46 42.18 41.21 41.50 40.60 38.78 40.23 41.33 40.24 
MWE+MLE 42.15 41.39 43.67 39.56 41.69 40.12 41.66 45.44 39.66 41.72 
†=Moringa leaf extract not boiled 
Appendix  24 (II) Effect of various boiled allelopathic plant water extracts on grain yield (t ha
-1
) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 3.09 3.65 3.57 3.21 3.38 3.00 3.32 3.58 2.97 3.22 
Water spray 3.21 4.21 3.28 3.43 3.53 2.92 3.25 3.66 3.18 3.25 
Rice water extract (RWE) 3.64 3.99 4.21 3.93 3.94 2.50 4.00 4.13 3.21 3.46 
Sorghum water extract (SWE) 4.50 4.21 4.14 4.64 4.37 3.96 3.45 4.18 3.00 3.65 
Maize water extract (MWE) 3.99 4.14 3.93 4.36 4.11 4.21 3.48 3.10 3.13 3.48 
Moringa leaf extract (MLE) 4.64 4.43 4.08 4.57 4.43 4.08 4.37 4.13 4.29 4.22 
RWE + SWE 3.93 3.64 4.28 3.57 3.86 4.53 4.45 4.05 3.36 4.09 
RWE + MWE 4.64 4.35 4.21 4.49 4.42 3.91 3.21 3.80 3.36 3.57 
RWE + MLE 3.78 4.14 4.28 4.28 4.12 4.27 4.43 3.78 3.97 4.11 
SWE + MWE 4.66 4.21 4.56 4.85 4.57 4.19 4.47 4.78 4.27 4.43 
SWE + MLE 4.14 4.28 3.64 4.21 4.07 4.98 3.66 4.36 3.81 4.20 
MWE+MLE 5.33 4.02 3.32 4.97 4.41 3.82 4.08 5.32 3.50 4.18 
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Appendix  25 (II) Effect of various boiled allelopathic plant water extracts on stover yield (t ha
-1
) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 10.98 11.85 12.36 11.42 11.65 11.50 11.21 13.54 10.28 11.63 
Water spray 11.12 12.57 12.50 11.04 11.81 11.57 11.50 11.64 11.92 11.66 
Rice water extract (RWE) 12.85 13.00 13.22 13.57 13.16 11.85 11.85 11.85 11.88 11.86 
Sorghum water extract (SWE) 13.21 14.21 14.28 13.21 13.73 12.63 14.04 13.21 13.07 13.24 
Maize water extract (MWE) 13.21 12.64 11.64 12.88 12.59 13.07 12.24 12.92 13.21 12.86 
Moringa leaf extract (MLE) 12.85 13.57 14.28 15.28 13.99 13.42 14.89 13.49 14.34 14.04 
RWE + SWE 12.42 13.71 15.28 12.00 13.35 12.35 12.50 12.71 12.92 12.62 
RWE + MWE 13.14 13.28 13.92 11.42 12.94 12.50 12.99 12.21 13.01 12.68 
RWE + MLE 14.64 14.21 12.14 12.71 13.42 12.99 13.28 13.07 12.78 13.03 
SWE + MWE 14.04 16.21 13.42 12.77 14.11 12.13 12.73 14.23 17.28 14.09 
SWE + MLE 12.07 12.50 14.71 13.14 13.10 13.21 13.65 14.49 13.89 13.81 
MWE+MLE 14.04 16.21 13.42 12.77 14.11 13.35 13.49 13.21 13.07 13.28 
†=Moringa leaf extract not boiled 
Appendix  26 (II) Effect of various boiled allelopathic plant water extracts on harvest index (%) maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 28.89 28.78 28.88 29.37 28.98 27.10 27.10 27.09 27.12 27.10 
Water spray 29.90 29.92 29.91 29.93 29.92 26.09 29.64 26.47 28.89 27.77 
Rice water extract (RWE) 28.32 30.70 31.84 28.97 29.96 21.10 33.73 34.82 27.04 29.17 
Sorghum water extract (SWE) 34.07 29.63 28.99 35.12 31.95 27.65 27.61 27.63 27.64 27.63 
Maize water extract (MWE) 30.21 32.76 33.77 33.85 32.65 25.25 28.26 31.47 26.65 27.91 
Moringa leaf extract (MLE) 36.10 32.66 28.57 29.91 31.81 30.37 29.35 30.58 29.92 30.06 
RWE + SWE 31.63 33.21 29.09 27.29 30.31 32.12 32.38 33.23 32.34 32.52 
RWE + MWE 33.99 30.97 33.97 32.18 32.78 26.78 28.79 28.53 28.79 28.22 
RWE + MLE 31.23 29.14 29.89 31.21 30.37 32.86 33.33 28.96 31.06 31.55 
SWE + MWE 33.43 33.84 34.56 35.76 34.40 31.05 32.11 33.02 31.82 32.00 
SWE + MLE 34.31 34.25 24.75 32.05 31.34 30.12 30.68 30.66 30.48 30.48 
MWE+MLE 31.06 30.11 33.12 32.12 31.60 33.11 31.23 29.33 32.23 31.48 
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Appendix  27 (II) Effect of various boiled allelopathic plant water extracts on protein contents (%) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 5.02 5.98 5.45 6.08 5.63 5.34 6.12 6.02 6.14 5.91 
Water spray 5.34 6.23 6.04 6.05 5.92 5.75 6.79 6.73 4.93 6.05 
Rice water extract (RWE) 6.38 6.48 6.02 6.12 6.25 6.76 8.12 7.35 7.45 7.42 
Sorghum water extract (SWE) 6.58 6.51 6.54 6.32 6.49 6.73 6.77 6.70 6.52 6.68 
Maize water extract (MWE) 7.32 6.48 6.28 6.53 6.65 7.33 7.53 7.23 7.02 7.28 
Moringa leaf extract (MLE) 7.33 7.35 6.51 7.54 7.18 6.76 8.12 8.11 7.78 7.69 
RWE + SWE 6.21 7.12 7.42 7.52 7.07 6.73 6.77 6.63 6.73 6.72 
RWE + MWE 7.37 5.49 6.12 6.11 6.27 6.70 6.87 6.73 6.12 6.61 
RWE + MLE 6.73 6.70 7.53 7.13 7.02 7.23 7.33 7.53 7.23 7.33 
SWE + MWE 7.53 7.23 7.33 7.43 7.38 8.23 8.21 8.18 7.35 7.99 
SWE + MLE 7.33 7.35 6.21 5.92 6.70 6.70 6.52 6.87 6.87 6.74 
MWE+MLE 7.29 7.09 7.37 7.19 7.24 7.19 7.24 7.37 7.29 7.27 
†=Moringa leaf extract not boiled 
Appendix  28 (II) Effect of various boiled allelopathic plant water extracts on starch contents (%) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 60.46 58.65 57.54 61.50 59.54 58.65 61.50 62.51 59.14 60.45 
Water spray 58.65 65.54 62.24 60.05 61.62 58.65 65.05 58.65 63.41 61.44 
Rice water extract (RWE) 65.54 60.51 61.63 64.61 63.07 65.54 62.24 65.05 63.57 64.10 
Sorghum water extract (SWE) 67.51 66.63 64.61 65.65 66.10 67.51 58.65 64.61 65.65 64.11 
Maize water extract (MWE) 65.54 63.54 64.54 68.54 65.54 65.54 65.54 64.54 68.54 66.04 
Moringa leaf extract (MLE) 67.90 68.90 68.99 68.96 68.69 70.21 71.51 71.23 72.32 71.32 
RWE + SWE 66.55 66.99 64.99 67.99 66.63 64.55 66.63 62.51 64.60 64.57 
RWE + MWE 63.44 64.83 66.33 64.61 64.80 66.90 63.54 68.99 60.96 65.10 
RWE + MLE 64.61 67.99 64.99 64.96 65.64 62.99 68.90 64.99 67.99 66.22 
SWE + MWE 75.73 68.56 70.59 71.33 71.55 75.73 71.44 74.83 77.33 74.83 
SWE + MLE 63.73 68.54 60.54 51.33 61.04 68.23 70.44 60.12 71.33 67.53 
MWE+MLE 64.55 68.53 69.51 64.60 66.80 69.28 72.20 70.58 63.20 68.82 
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Appendix  29 (II) Effect of various boiled allelopathic plant water extracts on oil contents (%) of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 3.78 3.83 4.49 4.05 4.04 4.41 3.73 4.44 4.02 4.15 
Water spray 4.39 4.10 4.51 4.03 4.26 4.44 4.11 4.51 4.03 4.27 
Rice water extract (RWE) 4.47 4.44 4.27 3.98 4.29 4.47 4.41 4.47 4.49 4.46 
Sorghum water extract (SWE) 4.49 4.46 4.49 4.46 4.48 4.49 4.42 4.49 4.46 4.47 
Maize water extract (MWE) 4.51 4.46 4.51 3.85 4.33 4.46 4.40 4.46 4.39 4.43 
Moringa leaf extract (MLE) 4.51 4.54 4.54 3.98 4.39 4.39 4.39 4.79 4.57 4.54 
RWE + SWE 4.50 4.53 4.51 4.49 4.51 4.49 4.57 4.57 4.49 4.53 
RWE + MWE 4.51 4.46 4.51 4.52 4.50 4.53 4.49 4.49 4.54 4.51 
RWE + MLE 4.50 4.51 4.54 4.51 4.52 4.50 4.54 4.51 4.55 4.53 
SWE + MWE 4.63 4.60 4.59 4.61 4.61 4.53 4.55 4.47 4.75 4.58 
SWE + MLE 4.60 4.59 4.45 4.57 4.55 4.60 4.45 4.57 4.29 4.48 
MWE+MLE 4.53 4.56 4.55 4.54 4.55 4.53 4.47 4.55 4.54 4.52 
†=Moringa leaf extract not boiled 
Appendix  30 (II) Effect of various boiled allelopathic plant water extracts on chlorophyll–a contents of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 1.59 1.69 1.82 1.75 1.71 1.91 1.95 1.92 1.93 1.93 
Water spray 1.96 1.88 2.34 2.01 2.05 2.13 1.96 2.01 2.58 2.17 
Rice water extract (RWE) 2.24 1.91 2.87 1.81 2.21 2.09 2.11 2.08 2.15 2.11 
Sorghum water extract (SWE) 3.00 1.59 2.53 1.70 2.20 2.23 2.15 2.47 2.29 2.28 
Maize water extract (MWE) 2.47 1.88 1.87 2.75 2.24 1.94 2.13 2.67 1.88 2.16 
Moringa leaf extract (MLE) 2.42 2.39 2.31 2.13 2.31 2.37 2.33 2.28 2.43 2.35 
RWE + SWE 2.11 2.21 2.57 2.15 2.26 2.24 2.03 2.12 2.73 2.28 
RWE + MWE 2.31 2.22 2.58 2.08 2.30 2.16 2.03 2.63 2.34 2.29 
RWE + MLE 2.01 2.34 1.99 2.06 2.10 2.15 1.84 2.27 2.98 2.31 
SWE + MWE 2.25 2.37 2.45 2.46 2.38 2.54 2.52 2.54 2.30 2.48 
SWE + MLE 2.34 2.32 2.32 2.30 2.32 2.54 2.52 2.24 2.20 2.38 
MWE+MLE 2.33 2.39 2.31 2.36 2.35 2.38 2.50 1.96 2.68 2.38 
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Appendix  31 (II) Effect of various boiled allelopathic plant water extracts on chlorophyll–b contents of maize 
Treatments   
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 0.62 0.73 0.84 0.96 0.79 1.02 0.64 0.86 0.83 0.83 
Water spray 0.89 0.86 0.97 0.76 0.87 0.70 0.97 0.82 0.97 0.87 
Rice water extract (RWE) 0.63 0.86 0.99 0.96 0.86 0.97 1.34 0.84 0.89 1.01 
Sorghum water extract (SWE) 0.86 0.97 1.67 0.66 1.04 0.97 0.96 0.83 0.96 0.93 
Maize water extract (MWE) 0.96 1.30 1.42 0.99 1.17 1.34 0.95 0.86 1.34 1.12 
Moringa leaf extract (MLE) 1.37 1.33 1.26 1.20 1.29 1.17 0.95 0.96 2.04 1.28 
RWE + SWE 1.70 0.64 1.63 0.96 1.23 0.96 0.98 0.97 1.54 1.11 
RWE + MWE 1.24 0.97 1.57 0.99 1.19 0.97 0.64 1.30 2.04 1.24 
RWE + MLE 1.57 0.99 1.00 1.34 1.22 1.38 0.97 1.13 1.04 1.13 
SWE + MWE 1.47 1.37 1.19 1.59 1.41 1.34 1.58 1.34 1.17 1.35 
SWE + MLE 1.30 1.32 1.30 1.02 1.23 1.04 1.68 0.84 0.94 1.13 
MWE+MLE 1.08 1.15 1.13 1.21 1.14 1.00 1.03 1.54 1.40 1.24 
†=Moringa leaf extract not boiled 
Appendix  32 (II) Effect of various allelopathic plant water extracts on total chlorophyll contents of maize 
Treatments 
  
2011 
    
2012 
  R1 R2 R3 R4 Average R1 R2 R3 R4 Average 
Control 2.21 2.42 2.66 2.71 2.50 2.93 2.59 2.78 2.76 2.76 
Water spray 2.85 2.74 3.31 2.77 2.92 2.83 2.93 2.83 3.55 3.04 
Rice water extract (RWE) 2.87 2.77 3.86 2.77 3.07 3.06 3.45 2.92 3.04 3.12 
Sorghum water extract (SWE) 3.86 2.56 4.20 2.36 3.24 3.20 3.10 3.30 3.25 3.21 
Maize water extract (MWE) 3.43 3.17 3.29 3.74 3.41 3.28 3.08 3.53 3.22 3.28 
Moringa leaf extract (MLE) 3.79 3.72 3.57 3.33 3.60 3.54 3.28 3.24 4.47 3.63 
RWE + SWE 3.81 2.85 4.20 3.11 3.49 3.20 3.01 3.09 4.27 3.39 
RWE + MWE 3.55 3.19 4.15 3.07 3.49 3.13 2.67 3.93 4.38 3.53 
RWE + MLE 3.58 3.33 2.99 3.40 3.32 3.53 2.81 3.40 4.02 3.44 
SWE + MWE 3.72 3.74 3.64 4.05 3.79 3.88 4.10 3.88 3.47 3.83 
SWE + MLE 3.64 3.64 3.62 3.32 3.55 3.58 4.20 3.08 3.14 3.50 
MWE+MLE 3.41 3.54 3.44 3.57 3.49 3.38 3.53 3.50 4.08 3.62 
 
 
